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True 3D On Your 
PC/Workstation 


Now, Dr. Saunders Goes 
To Work Every Day On Venus. 


And he’s just begun to scratch the surface. 

Since August 1990, Steve Saunders and his asso- 
ciates at NASA’s Jet Propulsion Laboratory have been 
analyzing the pictures coming in from the Magellan 
spacecraft, built by Martin Marietta. 

By using a special radar, Magellan can “see” through 
the clouded atmosphere of Venus. The resulting imagery 
shows us a world of volcanoes, lava flows and faults 
geologically similar to Earth. In fact, the volcanic activity 
on Venus is so well preserved, that it may help us to 
better understand the process of volcanoes here on our 
own planet. 

Venus may also be a window into our past, when 
the Earth was very young. It puts us one step closer to 
understanding how “twin” planets, so similar in size 
and location, could evolve so differently. What caused 
the atmosphere of Venus to change into an out-of- 
control “greenhouse effect?” What does it mean to our 
own future here on Earth? 

Steve Saunders and the people at JPL are working 
hard to bring Venus down to Earth. At Martin Marietta, 
we’re proud that we can help them along the way. 

To us, mission success is the only bottom line. 
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One of the few space vet 


It wasn’t that long ago when the only space vehicles around were ones that landed on planets with 
names like Mongo. Then along came Garrett Fluid Systems Division. And space just hasn’t been the 
same place since. 

In fact, our involvement in fluid control systems, space valves, dynamic space power and 
specialized actuators spans the history of the space program itself. From Atlas, Thor, Titan and Saturn. 
To Mercury, Gemini, Apollo, LEM and Space Station Freedom. 

As the world leader in fluid systems technology, we’re generating the solutions to the challenges 
of new generations of launch vehicles, space platforms, as well as NASP-type applications. 


1991 Allied- Signal Inc 



les that got there without us. 

Our expertise includes a wide variety of systems. Thrust vector control, exhaust nozzle extension 
control, stability augmentation, fluid control, space power, propulsion management, separation and 
recovery. Plus complete facilities for testing and analysis. 

As long as there are systems to be controlled, nozzles to be directed, rockets to be stabilized and 
power to be generated -more efficiently and with lower life cycle costs -space is where you'll find us. 

Unless, of course, you contact us at Garrett Fluid Systems Division. 1300 West Warner Road. 
Tempe. AZ 85284. (602) 893-4420. 

Allied 

Signal Aerospace 
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The first name in imaging is the first 
name in high performance solid state 
imagers, as well. 


Kodak full frame imagers deliver. 

Resolution up to 4.2 megapixels, defect 
free if required. Ultra-low dark current of 
only WpA/cm 2 . Anti-blooming protection 
and up to 20 MHz per channel operation. 
Even a 1.4 million pixel full frame imager in 
a two-thirds-inch format! 

We also have a variety of other 
chips including video, infrared, 
and linear image sensors such as 
our 8,000 pixel tricolor array. 

Whether your application is 
electronic still, scanning, or 
thermal imaging, remember 
Kodak. Our name can make a 
world of difference in your 
product's performance. 



© Eastman Kodak Company, 1991 
KODAK is a trademark. 

Earth photo courtesy of NASA. 
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( ij^BABY YOUR CAR’S ENGINE 

New cars are expensive ... so is gas! 

Let Tufoil® be your key to survival! 



WHY BUY A NEW CAR? 

A new car is one of life’s biggest 
investments. Why not put off such a 
big expense as long as possible and 
at the same time, spend less to run 
the car you now own? The money 
you save is money in your pocket. 

Tens of thousands of drivers are 
already using Tufoil to “beat the 
system”. Here’s how it’s done ... it’s 
simple! 

ENGINES LAST & LAST 
The normal life of an engine is usu- 
ally about 1 00,000 miles, give or take 
a few miles either way. This is no 
longer the case. By adding 4 ounces 
of Tufoil with each oil change, 
together with an effective mainten- 
ance program, 200,000 miles and 
more are not uncommon. But that’s 
not all! 

Together with this extended engine 
life are numerous benefits. For in- 
stance, quick acceleration. One user 
writes that his car “Takes off like a 
scared rabbit!” 

SILKY SMOOTH OPERATION 
That’s just the beginning! Easy starts 
and better gas mileage are soon 
apparent due to the reduction in fric- 
tion. Your engine is now free to run 
smoooothly. 



One of our customers put it nicely 
when he said, “You can hear it, you 
can feel it,” with Tufoil in the engine. 

PROVEN EFFECTIVE 
Our files bulge with testimonials. 
Customers not only call, but write to 
us about their fantastic results! 
They’re telling friends and relatives. 
As a matter of fact they’re spreading 


the news about Tufoil all over the 
world. 

It stands to reason, though. Tufoil is 
so unique that even the United 
States and Canadian governments 
have confirmed it’s effectiveness. 
One report shows that Tufoil is ac- 
tually slipperier than Teflon™! 

NO TIME LIKE THE PRESENT 

There’s never been a better time to 
try Tufoil and prove to yourself and 
your car that what everyone’s been 
saying is really true! We think you’ll 
find it’s one of the smartest decisions 
you’ve made. In fact we’re so sure, 
we guarantee it’ll work. If you don’t 
agree, we'll gladly refund your 
$14.25, the cost of your initial 8 
ounce treatment. 

So why wait any longer? The sooner 
you start, the better! If your car has 
over 5-10,000 miles on it, now’s the 
time to start! Use the order form 
below to baby your car (and your 
checkbook). You’ll be glad you did! 


ORDER TODAY 


1 - 800 - 922-0075 
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n free Products based on TUFOIL teen nolog y^Keck | 

| one with each order of 2 bottles or a quart. Check 2 for each | yTff 
I gallon order. Values range from $3.98 to $9.95 ! 


gallon order Values range from $3 98 to $9.95 

D TUFOIL Gun-Coat — Super rust inhibited, smooth action J 

□ TUFOIL Compu-Lube — Low viscosity for computer | 

mechanisms | 

□ TUFOIL Lightning Grease — Easily sheared grease for J 

instruments I 

O TUFOIL Lubit-8 — General purpose, household use I 
lubricant 


rush my TUFOIL order: 


I FREE brochures 
□ 30 Questions/ 


Questions/Answers about TUFOIL 


FlUOM< « reg 1M at ICi me 

I TEf LOW* * re? T M o» DuPW 
I TUFOIL* 1 reg T M O (nuoramo 
J US P»**niNo 4 2S4 5H 
I US PaWrtNo *274 173 
I US Pa**! No 3 93365* 

I Otwr U S Patent* >Mued and pcnd*>9 



ONE 8 oz bottle treat one car for 
$14 25 (plus $3.50 shipping and 
handling). See money back 
guarantee 

□ TWO 8 oz. bottles treat two cars 

for $25 00 (plus $4 00 shipping 
and handling) SAVE $6.00 

□ ONE Quart bottle treat 4 cars 

for $34 95 (plus $4 00 shipping 
and handling) 

□ ONE GALLON treat 16 cars for 

$1 25 00 (plus $6 00 shipping and 
handling.) 

We ship within days! 

MONEY BACK GUARANTEE ON 8-QZ 


F Fluoramics, Inc. ntb 9/91 

18 Industrial Avenue 
Mahwah. NJ 07430 

My check or money order for $ is enclosed 

Charge my credit card: 

□ Am Express [ Master Card □ Visa 
Card No. 

Exp Date 

Phone No 

Name 

Address 

City 

State 


Zip 


(N J residents please add 7% sales tax) 

Canadian Distributor: 1-800-363-7753 
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A new telescoping boom for helicopters promises to make 
rescue operations at sea easier and safer. See page 130. 
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NASA has 
developed a 
combustion 
chamber that 
enables 
researchers to 
analyze , in real 
time, the 
burning 
behavior of 
materials at 
pressures up 
to 10,000 psi 
(page 130). 
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Announcing 

a Major Breakthrough in 
Computational Fluid Dynamics 

FIDAP 

REVISION 6.0 



Flow in a computer cabinet: pressure distribution 


FIDAP 6.0 introduces a new equation 
solver that runs 5-100 times faster and 
needs 10-50 times less disk space. 

This means that you can solve larger 
problems on smaller computers. 

Revision 6.0 makes FIDAP the world's 
most powerful software for fluid flow 
and heat & mass transfer analysis. 

Call or write for a free brochure and 
further information. 


New Capabilities 

• 3-D free surface 

• electromagnetic forces 

• 15 mass transport equations 

• residence time calculations 

• particle tracking in separation 

A New Graphical User Interface 

• OSF/Motif ' based 

• mouse driven, pop-up menus 

• complete on-line help 

OSF/Mocf « o trod. mark at THE OPEN SOFTWARE FOUNDATION, INC. 
FIDAP l> o trodemork of FLUID DYNAMICS INTERNATIONAL. INC 



Die swell in three-dimensions/Graphical User Interface 



FLUID 

DYNAMICS 

INTERNATIONAL 


500 Davis Street, Suite 600 • Evanston, Illinois 60201 • Tel (708)491-0200 • Fax (708)869-6495 
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Read the writing on the wall. You don’t want to 
compromise your image w ith graphics that don’t paint 
tiie best picture. With IBM’s new line of graphic 
adapters, you don’t have to. 

IBM has unveiled 
new levels of price/per- 
formance for fast 21) and 
31) solids graphics appli- 
cations. And tiie faster 
you can visualize data, 
the faster you can get your 
ideas across. Within the 
RISC System/6000 m 
family of POWERstations, 
you can get graphics 



performance that will really help you make your mark. 
For instance, the Gt4x graphics subsystem can draw 
800,000 2D and 3D vector and 80,000 Lighted 

Gouraud-shaded triangles per second, and 
gives you up to 16.7 million colors to work 
with to really showcase projects such as 
solids designs and scientific visualization. 

When you really want to display your 
vision, there’s the POW ERgraphics GTO 


Gt3 

Gt4 

Gt4x 

GTO 

20 Vectors/Second 

650K 

650K 

800K 

990K 

30 Vectors/Second 

NA 

400K 

800K 

990K 

Lighted 3D 

Gouraud-shaded 

tnangles/Second 

NA 

20K 

80K 

120K 


IBM and AIX are registered trademarks and RISC System/6000 and graPHIGS are trademarks of International Business Machines Corporation. SPECmark is a trademark of Standard 
Performance Evaluation Corporation X Windows Systems is a trademark of Massachusetts Institute of Technology GL is a trademark of Silicon Graphics Inc. Motif is a trademark of 
The Open Software Foundation. Inc UNIX is a registered trademark of UNIX System Laboratories. Inc HAGAR THE HORRIBLE Characters) © 1991 King Features Syndicate. Inc. 
©1991 IBM Corp. 



that don’t do you justice. 




subsystem which produces 
almost a million 3D vectors 
and 120,000 Gouraud- 
shadcd triangles per second, 
for fast, realistic shading 
effects. 

And for those who 
need 21) graphics, for things like electrical design, 
there’s the Gt3 that delivers 650,000 21) vectors per 
second in up to 256 striking colors. Best of all. CTO, 

Gt4 and Gt4x clearly lead the way on all APIs includ- 
ing \ Windows Systems!T GL7 graPHIGS’" and MotifT 
These impressive graphics are all part of the 
famih portrait of RISC System/6000 i ri Ol 

POWERstations and POWER servers — tOT the H)Wer Meeker. 


offering performance ranging from 9 to 25 M FLOPS 
and from 33 to 72 SPECmarks"* and AIX* IBM’s en- 
hanced version of UN I XT The brains behind the beauty. 

Don’t accept a primitive picture, when vou can 
have the picture of perfection. So, find out how RISC 
System/6000 graphics can do 
your masterpiece justice. Get 
in touch w ith your IBM 
marketing representative or 
Business Partner. For liter- 
ature, call 1 800 IBM-6676, 
ext. 828. And paint your 
own picture*. 


msc 

System/ 

6000 




Convert 

Computer 

Graphics 

to 

Television 



RGB /Videolink® 

Model 1450AX 

with Auto-sync 

The first popularly priced full range 
scan converter for video taping, 
video projection and video teleconferencing 

• Adjustment free auto-locking to 
all workstations, PCs and Mac lls 

• Horizontal scan range 
21 to 80 kHz 

• Full broadcast quality encoder 
and sync generator 

• Flicker free output 

• Genlock 

• Linear keyer for overlaying live 
video with computer graphics 

• Zoom EGA to fill video screen 

• Full 24 bit color processing 

• Wide range of outputs; 

Composite (NTSC or PAL), 

RGB, S-Video, Betacam / Mil 

• Manufactured in the USA 

Other models available 


SPECTRUM 

2550 Ninth Street Berkeley, CA 94710 
TEL: (415) 848-0180 FAX (415) 848-0971 
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A Integrate 2-D and 3-D data on a single 
I graph to add meaning and impact. 


E=mc 2 


NEW push-button “mouse-menus 
allow easy access to frequently used 
features. 


generate contours, surfaces, and cross 
sections from random X, Y, 2 points. 
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Choose from 26 graph types for 
business, technical, & scientific data. 
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Easily create complex curves & 
surfaces with the graphical Formula- 
Solver"' 


Automate customized graph creation 
with pre-recorded macro & batch files. 


[x|y|z| 


Presentation graphics and analysis for scientific users. 


Your technical data requires more muscle 
and sophistication than basic business 
graphics and plotting packages can 
provide. It’s simply a matter of using the 
right tool for the job. In addition to 
publication-quality graphics, you need 
powerful analysis tools and capabilities 
such as Graftool’s ■ Intelligent Data 
Cursor 1 ’ to read out data points on curves 
& surfaces ■ Linear & non-linear curve- 
fitting ■ Unlimited zoom & rotation 

■ Multiple axes in linear, log, or proba- 
bility scales ■ Advanced data handling, 
allowing over 268,000,000 data points 

■ Powerful scientific spreadsheet which 
can directly read your Lotus or ASCII files 


■ Unrestricted placement of graphs & text 

■ Direct compatibility with Microsoft Word 
& WordPerfect. 

With Graft ool, all this power and 
flexibility purr quietly under the hood, 
while pop-up menus and push-buttons 
bring an ease of use previously unheard 
of in scientific software. Just “point & 
process" with increased productivity and 
greater understanding. 

GRAFTOOL — the right tool for your 
technical solutions. 

GRAFTOOL $495. 

■ Interactive demo available 

■ Academic discounts. 



— 3-D VISIONS 

Call Toll Free for Details 


1-800-729-4723 

2780 Skypark Drive. Tbrrance. CA 90505 
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Through the tech- 
nology transfer pro- 
cess. many of the 
systems , methods, 
and products pio- 
neered by NA SA are 
reapplied in the pri- 
vate sector, obviat- 
ing duplicate re- 
search and making 
a broad range of 
new products and 
services a vai table to 
the public. 


A design engineer dons special 
glasses and instantly his CAD draw- 
ings take on a new dimension, one of 
vivid depth and definition. Graphic im- 
ages seem to leap from the computer 
screen and rotate in midair, allowing the 
engineer to closely study design de- 
tails and to detect flaws that might 
otherwise go unnoticed. 

His futuristic design tool is a stereo 
3D viewing system called CrystalEyes , 
the flagship product of StereoGraphics 
Corp., San Rafael, CA. The system, 
which is compatible with any stereo- 
ready computer or videocassette re- 
corder, consists of wireless, liquid-crys- 
tal eyewear and an infrared transmitter. 
It adds true 3D depth to computer dis- 
plays by exploiting an effect known as 
stereopsis, the perception of depth that 
results when each eye is presented with 
a slightly different perspective and these 
two perspectives are fused into a single 
image by the brain. 

Besides engineers, CrystalEyes is 
used by architects, scientists and ex- 
ecutives who need a quick and efficient 
way to visualize information. It is espe- 
cially beneficial in molecular modeling 
and cell biology, which involve viewing 
of complex, abstract objects. Other ap- 
plications include such diverse areas as 
manufacturing, medical imaging, topo- 
logical mapping, business presentations, 
and video games. 

Here’s how the system works: First, 
stereo images are displayed sequen- 


tially on a monitor in alternate frames. 
The left-hand frame is then channeled 
to the left eye, and the right-hand frame 
to the right eye using liquid-crystal lens 
shutters that turn opaque, transparent, 
and opaque again in rapid succession. 
When the left image is displayed for a 
fraction of a second on the screen, the 
left lens opens and the right lens closes. 
When the right image is displayed, the 
process is reversed. A transmitter con- 


A novel stereo video system offers an 
array of applications in training and simu- 
lation. Photos courtesy StereoGraphics Corp 



nected to the monitor sends a signal to 
the glasses that synchronizes the shut- 
ter and image switching. 

The shutter operates at such a high 
speed— 120 frames per second, 60 
frames per eye — that the human eye 
detects no flickering. When closed, the 
shutter is opaque enough to ensure that 
the wrong image of a stereo pair doesn’t 
leak through. When open, the shutter is 
transparent enough to ensure that the 
image is realistically bright. 

NASA Provides Testing Ground 

StereoGraphics produced the first 
flickerless viewing product with liquid- 
crystal lenses in 1985. NASA was one 
of the initial users of this technology, 
mainly for flight simulation research, 
and helped StereoGraphics refine its 
early prototypes. “NASA’s primary as- 
set is its willingness to work with a new 
technology, try it out, and make sug- 
gestions rather than rejecting it out of 
hand,” said David Holbrook, Stereo- 
Graphics’ vice president of marketing. 
“By integrating our prototypes into its 
projects, NASA gave us a means to iron 
out design problems.” 

The first-generation displays were 
“tough to set up and clumsy to operate,” 
recalled Lhary Meyer, a founding part- 
ner of the company. The headgear was 
cumbersome, resembling a welder’s 
helmet, and was tethered to the com- 
puter. Adopting changes suggested by 
Space Agency researchers, Stereo- 
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Graphics made the eyewear lightweight and wireless, and 
modified the system so users could view images from virtually 
any angle. Feedback from NASA laboratories also prompted 
StereoGraphics to improve the system’s portability, said Meyer, 
and to add the capability for group viewing. 

“It’s now much easier to forget you have the device on and 
to believe you’re actually in the artificial environment,” said 
Steven Williams, a research engineer at NASA’s Langley 
Center. Langley is employing the stereo display system in a 
flight simulatorthat presents pilots with a natural, 3D picture of 
the world, an “out-the-window” view, with all information in a 
single format. Tests to date indicate that the depth cues 
provided by stereoscopic displays enhance the pilots’ situ- 
ational awareness and overall performance. 

Scientists at NASA’s Ames Research Center use the 3D 
display technology in computational fluid dynamics (CFD) 
studies to visualize data sets. According to Eric Hibbard, leader 
of Ames’ Graphics Development Project, stereo display en- 
ables interpretation of complex and often massive fluid flow 
data by revealing spatial relationships and topological struc- 
tures. ‘There’s no other way to view some of our data,” he said. 
The center has developed software to generate stereo images 
at a workstation from CFD data, and has also employed the 
equipment in virtual reality, geology, space science, and 
seismology research projects. 


Walk-Through Simulations 

StereoGraphics recently introduced CrystalCAD™, a low- 
cost system for designing and viewing engineering drawings in 
3D. The basic CrystalCAD package includes the CrystalEyes 
viewing system, software, and CrystalCARD™, a stereo-ready 
graphics-display controller. CrystalCAD can read in DXF files 
from AutoCAD and other packages, perform design tasks in 
stereo 3D, and then export the updated files back to the system 
that created them. The product can reduce design cycle length 
and eliminate the need for costly physical prototypes, accord- 
ing to Meyer. Moreover, it enables users to create animated 3D 
“walk-through” or “fly-through” sequences that render intricate 
drawings comprehensible even to inexperienced viewers. 

The company also offers a turnkey video system for 
recording and playing back stereo video images. Crystal- 
VIDEO™ includes an RGB 31 .5 KHz display, the CrystalEyes 
viewing system with four pairs of glasses, and dual CCD 
cameras. Its myriad uses include endoscopic and surgical 
observations, teleconferencing and training, and remote han- 
dling operations in space. 

For more information on stereoscopic display technology, 
contact David Holbrook, StereoGraphics Corp., 2171-H East 
Francisco Blvd., San Rafael, CA, 94901 . □ 



Editor's note: Stereo- 
Graphics will demon- 
strate its 3D viewing 
systems at Technol- 
ogy 2001, the second 
national technology 
transfer conference 
and exposition, De- 
cember 3-5 in San 
Jose, CA. 


NASA s input was crucial to 
the development of new 
lightweight (85 grams), 
cordless glasses for stereo- 
scopic viewing. 




For fast and easy tubing changes, your 
choice is eaSV. Easy-Load pump heads open 
and close with the flip of a lever. Simply turn 


a knob to adjust tubing occlusion. Masterflex I/P 
Easy-Load pump heads mount directly to 
Masterflex I/P drives, accept the same tubing, and 
produce the same flow rates (up to 13 liters/min) 
as your current Masterflex I/P pump heads. You can 
stack several Easy-Load pump heads on a single 
drive and change the tubing in one Easy-Load 
without interrupting other pump heads. Add 
Easy-Load to your Masterflex peristaltic system 
today. Your choice is eaSV! 

Easy-Load ? V Co*e~ Parmer Instrument Co 

Mastarftaji - Peg TM Cole-Parroer Instrument Co . 

' k * . 

* .. v. • * * - • r • 



Cole-Parmer 
Instrument Company 

7425 N. Oak Park Are.. Chicago. IL 60648 

Porme- DIAL: 1-800-323-4340 or 
1-708-647-7600 
FAX: 1-708-647-9660 
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New Product Ideas 


New Product Ideas are just 
a few of the many innovations 
described in this issue of 
NASA Tech Briefs and having 
promising commercial applica- 
tions. Each is discussed further 
on the referenced page in the 


appropriate section in this 
issue. If you are interested in 
developing a product from 
these or other NASA innova- 
tions, you can receive further 
technical information by 
requesting the TSP referenced 


at the end of the full-length article 
or by writing the Technology 
Utilization Office of the sponsoring 
NASA center (see page 16). 

NASA's patent-licensing program 
to encourage commercial develop- 
ment is described on page 16. 


Portable Video/ Digital 
Retinal Funduscope 

A lightweight, relatively inexpensive elec- 
tronic and photographic instrument has 
been developed for the detection, monitor- 
ing, and objective quantification of ocular / 


systemic disease or physiological altera- 
tions of the retina, blood vessels, or other 
structures in the anterior and posterior 
chambers of the eye. The instrument can 
be operated with little training. 

(See page 115) 


Anthropomorphic Robot 
Hand and Teaching Glove 

A robotic forearm-and-hand assembly 
manipulates objects by performing wrist 
and hand motions with nearly human 
grasping ability and dexterity. Underwater, 
high-radiation, vacuum, hot, cold, toxic, or 
otherwise inhospitable environments are 
potential application sites. 

(See page 99) 

Ultrasonic Device Monitors 
Fullness of the Bladder 

An ultrasonic device that monitors the 
fullness of the bladder is self-contained, 
lightweight, portable, powered by a battery, 
and tailored for the specific patient through 
software that can be modified as the pa- 
tient’s behavior changes. The device is in- 
tended for use in training people with 
urinary voiding problems. 

(See page 115) 

New Polyimide 
Has Many Uses 

A high-performance thermoplastic polyi- 
mide is made from 3-4'-oxydianiline and 
4,4'-oxydiphthalic anhydride. It has good 
processing characteristics, low toxicity, 
and no mutagenicity and can be employed 
to prepare unfilled moldings, coatings and 
free films, adhesive tape, adhesively bond- 
ed substrates, prepregs, and composites. 
(See page 85) 

LaRC-RP41:a Tough, 
High-Performance 
Composite Matrix 

A new polymer exhibits increased tough- 
ness and resistance to microcracking. The 
polymer has potential as a high-tempera- 
ture matrix resin, adhesive, and molding 
resin. Applications could include automo- 
biles, electronics, aircraft, and aerospace 
structures. 

(See page 82) 

Long-Lived, Replaceable 
Low-Pressure Seals 

A type of gasket suitable for use on hatches 
and windows combines the advantages of 
low leakage, long life, and easy replace- 
ment. The elastomer is subject to only mod- 
erate compression force and therefore 
lasts longer than a purely elastomeric gasket 
(See page 98) 
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AMCOBILITY 

wraps it up beautifully. 


If it’s electronic, Amco can package 
it. We've got enclosures for every 
size and shape, designed and built 
with a fanatical obsession for quality. 

Big claims? Yes, but we've got big 
experience: nearly a half century in 
applications as demanding as space 
probes and missile 
I launchers. 


AMCOBILITY also brings high 
quality and high style together. We 
make your systems look as good in 
real life as they looked on the 
drafting table. 

That wraps it up: quality, style, 
selection and service. Call for 
Amco’s Full Line catalog, with 
complete specs and loads of applica- 
tion information. See how 
beautifully AMCOBILITY 
can wrap up your 
enclosure needs! 



| \W\\ 


AMCO Engineering Co. 


3801 North Rose Street 
Schiller Park, IL 60176-2190 
Illinois: 708-671-6670 
FAX: 708-671-9469 

Call Toll Free: 1-800-833-3156 


SEE US AT ASIS ORLANDO, FL 9/23 - 9/25 BOOTH # 1918-1920 
Circle Reader Action No. 500 
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ELECTRONIC PRESSURE 
SCANNERS 

Compact, multi-channel devices provide 
a transducer-per-channel for gas and/or 
liquid pressure measurement. Users get a 
single, rugged, mountable package for 
multiple pressure measurements-without 
having to buy separate transducers. Save 
money, space and time. ESP-16BP scan- 
ners handle gas pressure measurements 
in harsh environments and are available 
with 8 or 16 channels. ESP-4AM scanners 
provide 4 channels for measurement of 
liquid pressure or high-pressure gases. 
PSI, 800-678-SCAN. 
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CRYOGENIC PRESSURE 
SENSORS 

Compact, rugged pressure sensors mea- 
sure liquids or gases at temperatures from 
ambient down to 1.5° Kelvin (-272°C). 
Sensors available for pressure ranges 
from 0-31 through 0-500 psi for absolute 
or differential pressures. Power dissipa- 
tion is typically less than 6 mW. Sensors 
can be installed or even submerged within 
cryogenic systems. Factory calibration at 
cryogenic temperatures ensures high 
accuracy between 1.5° and 373°K. Avail- 
able with digital readout and RS232 link. 
Keller-PSI. (619) 967-6066. 

Circle Reader Action No. 559 



SUBMERSIBLE DEPTH 
TRANSDUCERS 

Rugged Series 200 low-cost depth trans- 
ducers are designed for ground water and 
tank level measurements at depths to 500 
ft. Series 200 SUB transmitters are priced 
lower than competitive units, yet offer 
more capability, and standard ranges are 
available from stock. Features include 
all-welded 316 SS construction with 
polyurethane jacketed vented cable. 
Transmitter and cable are sealed 
to ensure watertight operation. New 
low-cost Series 700 depth sensors 
are designed for sewage lift stations 
and other wastewater applications. 
Keller-PSI, (619) 967-6066. 
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When Hie 
question 
is psi. 


the answer 
is PSI. 


Pressure Systems Inc. (PSI) provides engineered solutions that solve your pressure 
measurement problems every step of the way-from the physical transducer 

measurement to final data display. 

If your application requires multiple pressure and other measurements at high 
scan rates over a wide temperature range, the answer is electronic pressure scanning 
systems (a technology pioneered by PSI). These systems combine low-cost silicon 
sensors with on-line calibration for speed, accuracy and economy, plus full capability 

for data acquisition and real-time graphics display. 

For flight research and barometric applications, PSI SONIX” digital pressure 
standards are becoming the standard pressure transducer. We also offer an all-media 
pressure transducer line for measuring pressures of corrosive and noncorrosive 
gases and liquids. And our cryogenic pressure/temperature sensors are used 
extensively in space hardware, physics and superconductivity applications. 

Put the most advanced pressure measurement technology to work for you. Call us 

now. When the question is psi, the answer is PSI. 


More measurement hr your money. 

34 Research Drive, Hampton. VA 23666 (804)865-1243 FAX: (804) 766-2644 
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See us at Sensors Expo Booth #327 


PC-COMPATIBLE TURNKEY 
PRESSURE ACQUISITION 

The AutoNet 8400 pressure acquisition 
configuration combines electronic pres- 
sure scanning with real-time graphic dis- 
play of data. Measures pressures from 0.4 
to 500 psi (dry gas) and 1.5 to 6000 psi 
(liquid), and is implemented on IBM 386 
or compatible PC. Equipped with software 
for real-time graphic display of pressure 
tests-users cfont need to write own soft- 
ware driver. Parallel processing data 
acquisition operates over multiple chan- 
nels at high speeds, with data storage on 
hard disk. PSI, 800-678-SCAN. 
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HOW YOU CAN BENEFIT 
FROM NASA's 
TECHNOLOGY 
UTILIZATION 
SERVICES 


It you're a regular reader of TECH BRIEFS, then you’re already making use of 
one of the low-and no-cost services provided by NASA's Technology Utilization 
(TU) Network But a TECH BRIEFS subscription represents only a fraction of 
the technical information and applications/engineering services offered by the 
TU Network as a whole In fact, when all of the components of NASA s 
Technology Utilization Network are considered. TECH BRIEFS represents the 
proverbial tip of the iceberg 

We've outlined below NASA's TU Network — named the participants, de- 
scribed their services, and listed the individuals you can contact for more 
information relating to your specific needs We encourage you to make use of 
the information, access, and applications services offered by NASA's Technol- 
ogy Utilization Network 


How You Can Utilize NASA’s Industrial Applications Centers — A nationwide network offering a broad 
range of technical services, including computerized access to over 100 million documents worldwide. 

Y ou can contact NASA's network of Industrial Applications Centers (lACs) for assistance in solving a specific technical problem or meeting your 
information needs. The “user friendly" lACs are staffed by technology transfer experts who provide computerized information retrieval from one of 
the world's largest banks of technical data. Nearly 500 computerized data bases, ranging from NASA’s own data base to Chemical Abstracts and INSPEC, 
are accessible through the ten lACs located throughout the nation. The lACs also offer technical consultation services and/or linkage with other experts 
in the field. You can obtain more information about these services by calling or wntmg the nearest IAC. User fees are charged for IAC information services. 


Aerospace Research 
Center (ARAC) 

Indianapolis Center for Advanced 
Research 

61 1 N. Capitol Avenue 
Indianapolis. IN 46204 
Dr. F. Timothy Janis, Director 
(317)262-5036 

Central Industrial Applications 
Center/NASA (CIAC) 

Rural Enterprises. Inc. 

Post Office Box 1 335 

Durant. OK 74702 

Dr. Dickie Deel. Director 

(405) 924-5094 

(800) 658-2823 (toll-free U S.) 

NASA Industrial Applications 

Center (MCNC) 

Post Office Box 12889 


Research Triangle Park. 

NC 27709-2889 

H. L. (Lynn) Reese. Director 

(919) 549-0675 

NASA Industrial Applications 

Ctr. 823 William Pitt Union 
University of Pittsburgh 
Pittsburgh. PA 15260 
Lani Hummel 
Executive Director 
(412) 648-7000 
Southern Technology 
Applications Center (STAC) 

Post Office Box 24 

Progress Ctr . One Progress Blvd. 

Alachua, FL 32615 

J. Ronald Thornton. Director 

(904)462-3913 

(800) 354-4832 (FL only) 

(800) 225-0308 (toll-free US) 


NASA UK Technology 
Technology Applications Center 

University of Kentucky 
109 Kmkead Hall 
Lexington. KY 40506-0057 
William R. Strong. Director 
(606) 257-6322 
NERAC, Inc. 

One Technology Drive 
Tolland. CT 06084 
Dr. Daniel U. Wilde. President 
(203) 872-7000 

Technology Application Center 
(TAC) 

University of New Mexico 
Albuquerque. NM 87131 
Dr. Stanley A. Morain. Director 
(505) 277-3622 


NASA Industrial Applications 
Center 

University of Southern California 

Research Annex 

3716 South Hope Street 

Los Angeles. CA 90007-4344 

Robert Stark. Director 

(213) 743-6132 

(800) 642-2872 (CA only) 

(800) 872-7477 (toll-free US) 
NASASU Industrial Applications 
Center 

Southern University Department 

of Computer Science 

Post Office Box 9737 

Baton Rouge. LA 7081 3-9737 

Dr. John Hubbell. Director 

(504) 771-6272 

(504)771-4950 


If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem solving 
assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and solve 
critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research Triangle 
Park, NC 27709; Dr. Doris Rouse, Director. (919) 541-6980 

How You Can Access Technology Transfer Services At NASA Field Centers: 

Technology Utilization Officers & Patent Counsels— Each NASA Field Center has a Technology Utiliza- 
tion Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 

If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not 
available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in 
applying the technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are 
interested in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA 
reference number at the end of the Tech Brief. 


Ames Research Ctr. 

Technology Utilization 
Officer Geoffrey S. Lee 
Mail Code 223-3 
Moffett Field. CA 94035 
(415) 604-4044 
Patent Counsel: 

Darrell G. Brekke 
Mail Code 200-1 1 
Moffett Field. CA 94035 
(415)604-5104 
Lewis Research Center 
Technology Utilization 
Officer: Anthony F. 
Ratajczak 
Mail Stop 7-3 
21000 Brookpark Road 
Cleveland. OH 44135 
(216)433-2225 
Patent Counsel: 

Gene E. Shook 
Mail Code LE-LAW 
21000 Brookpark Road 
Cleveland. OH 44135 
(216) 433-5753 


John C. Stennis 

Langley Research Ctr. 

Patent Counsel: 

Mail Stop 156-211 

Lyndon B. Johnson 

Space Center 

Technology Utilization 

R. Dennis Marchant 

4800 Oak Grove Drive 

Space Center 

Technology Utilization 

Officer. Joseph J. 

Mail Code 204 

Pasadena. CA 91109 

Technology Utilization 

Officer Robert 

Mathis. Jr. 

Greenbelt. MD 20771 

(818) 354-2240 

Officer: Dean C. Glenn 

Barlow 

Head. TU & AO Office 

(301)286-7351 

George C. Marshall 

Mail Code IC-4 

Code HA-30 

Mail Stop 200 

Jet Propulsion Lab. 

Space Flight Center 

Houston. TX 77058 

Stennis Space Center. 

10 West Taylor Road. 

NASA Resident Office 

Technology Utilization 

(713) 483-3809 

MS 39529 

Hampton. VA 23665-5225 

Technology Utilization 

Officer. Ismail Akbay 

Patent Counsel: 

(601)688-2042 

(804) 864-2484 

Officer: Arif Husain 

Code AT01 

Edward K. Fein 

John F. Kennedy 

Patent Counsel: 

Mail Stop 180-801 

Marshall Space Flight 

Mail Code AL3 

Space Center 

Dr George F Helfrich 

4800 Oak Grove Drive 

Center. 

Houston. TX 77058 

Technology Utilization 

Mail Stop 143 

Pasadena. CA 91109 

AL 35812 

(713) 483-4871 

Officer: Thomas M 

9A Ames Road. 

(818) 354-4862 

(205) 544-2223 

NASA Headquarters 

Hammond 

Hampton, VA 23665-5225 

Patent Counsel: 

Fax (205) 544-3151 

Technology Utilization 

Mail Stop PT-PMO-A 

(804) 864-3221 

Thomas H. Jones 

Patent Counsel: 

Officer: Leonard A. Ault 

Kennedy Space 

Goddard Space Flight 

Mail Code 180-801 

Robert Broad 

Code CU 

Center, FL 32899 

Center 

4800 Oak Grove Drive 

Mail Code CC01 

Washington. DC 20546 

(407) 867-3017 

Technology Utilization 

Pasadena. CA 91109 

Marshall Space Flight 

(703) 557-5598 

Patent Counsel: 

Officer: Donald S. 

(818)354-5179 

Center. 

Assistant General 

Bill Sheehan 

Friedman 

Technology Utilization 

AL 35812 

Counsel for Patent 

Mail Code PT-PAT 

Mail Code 702.1 

Mgr for JPL: Dr. Nor- 

(205) 544-0021 

Matters Robert F 

Kennedy Space 

Greenbelt, MD 20771 

man L. Chalfin 


Kempf. Code GP 

Center. FL 32899 

(301)286-6242 



Washington. DC 20546 

(407) 867-2544 




(202) 453-2424 


A Shortcut To Software COSMIC For software developed with 
NASA funding, contact COSMIC. NASA's Computer Software Manage- 
ment and Information Center. New and updated programs are an- 
nounced in the Computer Programs section. COSMIC publishes an 
annual software catalog. For more information call or write: COSMIC . 
382 East Broad Street, Athens, GA 30602 John A. Gibson. Dir., (404) 
542-3265. 


If You Have a Question . NASA Center For AeroSpace Infor- 
mation can answer questions about NASA's Technology Utilization 
Network and its services and documents. The CASI staff supplies 
documents and provides referrals. Call, write or use the feedback card 
in this issue to contact: NASA Center For AeroSpace Information, 
Technology Utilization Office, P.O. Box 8757, Baltimore, MD 21240- 
0757. Walter M. Heiland. Manager. (301) 859-5300, Ext. 245. 
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End of Problem. 


New 
Mathcad 3.0. 


When number-crunching time comes, 
does work grind to a scrcecning halt? 

Want a better way to do technical calcula- 
tions than a spreadsheet or calculator-an 
obstacle clearer instead of an obstacle creator: 
You need new Mathcad 3.0, the crunch- 
thosc-numbers, and deliver-results-in-a- 
second calculation software. 

As in-depth as you want, as routine as you 
need. Matncad 3.0 does everything from 
averages to FFTs, from percentages to matri- 
ces. Almost every function you’ll ever need 
is built in for rapid, effortless calculations. 

New Electronic Handbooks make it easy 
to dick-n-paste hundreds of standard for- 
mulas, useful data, even entire calculations 
into your documents. And a full range of 
add-on Applications Packs help you solve 
problems specific to your profession. 


Mathcad ’s new easy to learn and use 
Windows 3.0 interface has you up and 
running in hours-not days. Best of all, 
Mathcad is just plain fast. 

Simply plug in data and you’re done- 
Mathcad does all the work for you. It does 
the calculations. Automatically updates 
results when you change a variable in the 
live document. It grapns in 2-D or 3-D. 

And prints results in presentation-quality 
documents, complete with equations 
in real math notation. In the mink of an 
eye-numbers crunchcd-and you’re back 
to work. 

Meet the Mathcad 3.0 power list: 

• New easy to learn and use Microsoft 
Windows 3.0 interface 

• New Electronic Handbooks and Applica- 
tions Packs provide solutions for Electrical, 
Mechanical, Civil and Chemical Engineer- 
ing, Statistics, Advanced Math, andNumer- 
icai Methods 

• New symbolic calculations performed 
more easily than with any other product 

• Does exponentials, integrals, matrices, 
and more 


• 2-D and 3-D graphics 

• Prints high-quality 
documentation 

• PC DOS, Macintosh® and 
Unix® versions also available 

For a free Mathcad 3.0 
demo disk, or upgrade informa- 
tion, call 1-800-MATHCAD 
(or 617-577-1017, Fax 617- 
577-8829) . Or see your software dealer. 

Available for IBM* compatibles, Macintosh 
computers, and UNIX workstations. 

TM and & ugmfy manufacturer * trademark or rtpucrrd trademark 





EDITOR'S 

CHOICE 


Mathcad 2.5 
3-14-89 knc. 
Best of '88 
BotofT* 


1-800-MATHCAD 


The answer is 

Mathcad 

MathSoft, Inc. 

201 Broadway, Cambridge, MA 02139 USA 22 


Australia: Heart* (03) 866 1766; Belgium: SOA 013/55 1775; Denmark: Eogbcrg42 25 1777; Finland: Zen a 90692-7677; France: BfcCegm (1) 4609 24 00; Germany: Soft line (0 78 02) 4036; Italy: Channel 02-90091773; Japan: CUC 03-3665-9741; 
Netherlands: Waaung 01620-81600; Norway: Protech 09-959020; Switzerland: Redacom 0324101 11; UX: Adept Scientific (0462) 480055. In other locaaom, contact MathSoft, USA. 
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Pulse-Width-Modulating Driver for Brushless dc Motor 

The power supply for the motor is electrically isolated from other power supplies. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


A high-current pulse-width-modulating 
driver for a brushless dc motor features op- 
tical coupling of the timing signals from 
its low-current control circuitry to its high- 
current motor-driving circuitry. This optical 
coupling makes it possible to provide high 
electrical isolation of the motor-power sup- 
ply, thereby helping to prevent the fast, high- 
current motor-driving pulses from being 
coupled through the power supplies into 
the control circuitry, where they could in- 
terfere with the low-current control signals. 

The driver (see figure) controls motor 
current by varying the duty cycle of the 
motor-drive voltage. Null or zero motor cur- 
rent results when the motor-dr ive-voltage 
waveform exhibits a 50 percent duty cy- 
cle. The direction and magnitude of net 
motor torque is determined by the duty- 
cycle variation about the 50 percent point. 
The motor is connected to its power supply 
via an H-bridge circuit of n-channel, en- 
hancement-mode power, metal oxide/semi- 
conductor field-effect transistors (MOSFETs) 
and p-channel power MOSFETs. By use 
of these two types of MOSFETs, each 
type connected in the polarity opposite 
that of the other type, it is possible to 
simplify the power-MOSFET-gate-driving 
part of the circuit in that it becomes un- 
necessary to supply a gate-driving voltage 
in excess of the supply voltage (as would 
be necessary if the H-bridge circuit con- 
tained all n-channel power MOSFETs). 

The input control voltage is received dif- 
ferentially by amplifier U 2 , which is cap- 
able of operating over the full ±10-V range 
of the input signal. The pulse-width-mod- 
ulator circuit U 1 compares the input volt- 
age (scaled through U 2 ) to a voltage pro- 
portional to the motor current (scaled 
through instrumentation amplifier U 5 , as 
described more fully below). U 1 varies the 
duty cycle in such a way as to reduce the 
comparison (difference) voltage to zero. 

The output of U 1 is optically isolated 
from the output transistor stages by op- 
toisolator U 3 , which couples signals 
through an optical link only. The output of 
U 3 is inverted by inverting buffer U 4 , which 
generates the gate-driving voltages for 
the power MOSFETs of the H-bridge 


(C^ through Q 4 , Q 6 , and Q 7 ). Transistor Q 5 
delays the turn-on of these MOSFETs 
until the gate-voltage waveforms have 
stabilized. 

U 5 , which operates in a balanced dif- 
ferential configuration, provides feedback 
voltage proportional to the motor-driving 
current. The use of two 8.25-MD resistors 
to couple the current signal to U 5 pro- 
vides a net isolation of more than 4 MQ 


for the motor-driving circuitry. In keeping 
with the concept of isolation of the high- 
current stages of the driver, separate volt- 
age regulators are provided for the circuits 
associated with the output H-bridge. 

This work was done by Phil M. Salomon 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, Cir- 
cle 131 on the TSP Request Card. 
NPO-17142 



The Pulse-Width-Modulating Driver features optical coupling of the timing signals (for electrical 
isolation of the motor and its power supply) and a complementary power-MOSFET H-bridge 
output circuit (to simplify the H-bridge-gate-driving circuitry). 
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Circuit Detects Faint Flashes Against Bright Background 

The rapidly varying component of a luminous-flux signal is extracted from the total signal. 


Marshall Space Flight Center, Alabama 


An electronic circuit detects flashes of 
light against a bright background in a cam- 
era or telescope image. The circuit was 
designed to detect lightning from a space- 
craft in orbit far above the clouds. Usual- 
ly, the sunlight reflected from the clouds 
makes lightning invisible to an observer in 
orbit. The circuit could also be used on 
Earth to detect lightning from a distance 
during the day or night, or to detect other 
flashes of light in safety-related, scientific, 
industrial, and military applications. 

The circuit (see figure) includes the pho- 
tocell that measures the luminous flux in 
the scene under observation. The output 
of the photocell includes a rapidly varying 
component that represents the lightning 
or other flash, plus a slowly-varying com- 
ponent that represents the slowly chang- 


ing reflection of sunlight from the moving 
clouds or other bright background. The 
output of the photocell is fed to a first am- 
plifier, which produces an inverted signal. 
The output of the first amplifier is fed back 
to its input via a low-pass filter and a non- 
inverting amplifier. 

Together, the low-pass filter and nonin- 
verting amplifier act as a low-frequency- 
nulling amplifier in that the feedback signal 
suppresses the low-frequency background 
signal at the input terminal of the first am- 
plifier. Thus, the net output of the first am- 
plifier consists mostly of the rapidly-varying 
flash signal. This output is sent to a sec- 
ond amplifier, where its amplitude is raised 
to about 150 times that of the input rapid- 
ly varying signals. 

The output of the second amplifier is 


sent to a pair of earphones for aural moni- 
toring and/or recorded on one track of a 
magnetic tape for future analysis. A time- 
base signal is recorded on the other track 
of the tape so that the time of each light- 
ning pulse or other flash can be deter- 
mined. A microphone can also be used 
to record verbal annotation on the tape. 

A typical lightning pulse may appear as 
a single flash but usually consists of sev- 
eral strokes in rapid succession. The cir- 
cuit can detect individual strokes, which 
have optical rise times of about 0.1 to 0.5 
ms. 

This work was done by O. Vaughan, M. 
L Curtner, and D. Yeates of Marshall 
Space Flight Center For further informa- 
tion, Circle 63 on the TSP Request Card. 
MFS-28466 



The Lightning Detector is a photocell-and-amplifier circuit that detects flashes of light against a steady or slowly varying bright 
background. The low-frequency-nulling amplifier is part of a feedback loop that suppresses the low-frequency background signal. 
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apphire Ring Resonator for Microwave Oscillator 


Phase noise is reduced to a new low. 


NASA's Jet Propulsion Laboratory, Pasadena, California 


A sapphire dielectric ring resonator op- 
erating in a "whispering-gallery” mode 
helps to stabilize the frequency and phase 
of a microwave oscillator. Although micro- 
wave carrier signals can be obtained by 
frequency multiplication of the outputs of 
quartz-crystal oscillators operating at 5 to 
10 MHz, the resulting signals (typically at 
frequencies of tens of gigahertz) contain 
too much phase noise to be useful in some 
radio-science measurements. The new 
resonator reduces the phase noise ap- 
preciably at room temperature and prom- 
ises unprecedented stability of phase at 
cryogenic temperatures. 

The stabilizing effect is the result of the 
high 0 (27 r times the average electromag- 
netic energy stored divided by the energy 
dissipated per cycle of oscillation — a 
measure of the quality or sharpness of the 
resonance) of the resonator. The "whisper- 
ing-gallery" type of operation helps to 
achieve the low loss necessary for high 
0 by containing most of the resonating 
electromagnetic field within the low-loss 
sapphire ring material via a phenomenon 


similar to total internal reflection in optical 
devices. Outside the sapphire ring, the 
evanescent field decays approximately ex- 
ponentially with distance from the surface 
of the ring. Thus, by keeping as much of 
the ring as possible as far as possible from 
lossy metal components, the overall loss 
can be kept small. 

Figure 1 shows the resonator installed 
for testing, including input and output wave- 
guide ports on the axis of the sapphire ring 
and container. The axial length (height; z 
dimension) of the sapphire ring was 
chosen to be twice the radial (r dimension) 
thickness, for a principal (lowest-frequen- 
cy) family of modes with electric fields po- 
larized in the z direction. This choice en- 
abled effective coupling to the principal 
modes by virtue of similar configurations 
of the fields in the waveguide and resona- 
tor. 

Figure 2 shows the frequencies and O’s 
for modes of the ring resonator at frequen- 
cies between 5 GHz and 9 GHz. O’s above 
10 5 were found at room temperature for 
all of the modes in this sequence. The 



Figure 1. The Sapphire Ring Resonator is 

mounted for testing. This particular con- 
figuration provioes for effective coupling 
between the principal electromagnetic 
modes of the resonator and waveguide. 


n 



Figure 2. The Q of the Resonator was measured in the setup of Figure 1 at various frequencies from 5 to 9 GHz. For each 
“whispering-gallery" mode of the resonator, n denotes the number of wave periods around the circumference of the ring. 
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PRINCIPLES OF QUALITY MEASUREMENT: FIRST IN A SERIES. 

MEASUREMENT WITH NO SECOND CHANCES. 


It doesn’t matter whether a critical 
event happens ten million times a 
second, or takes a week to set up 
and costs thousands of dollars. When 
the measurement is your job, it’s got 
to be right the first time. 

A false trigger wastes every- 
body’s time, and a missed trigger is a 
disaster. Truncated or clipped signals 
mean “start over” when there’s no 
time to start over. 

For critical measurements like 
these, blistering speed and gimmick 
triggers won’t help. 

You need trigger circuits 
designed with the same care as 
amplifier front ends, settings 
you can display, test 
and count on. 


You need extravagantly long memories 
to capture unpredictable events, and the 
dynamic range and accuracy to capture 
the signal - all of it - and get it right. 

We know' what it’s like. We’ve 
been building instruments to record 
single-shot events for twenty years in 
critical electronics, materials-testing 
and military applications. Today’s 
measurements are no less important - 
just more complex, and faster. We 
treat every measurement as if it’s the 
only chance you'll get - even if it 
happens ten million times a second. 



Seven new r Nicolet Fro Digital 
Oscilloscopes offer advanced 
triggering with the absolute 
measurement integrity that Nicolet 
stands for. One Is right for your 
critical measurements - circle the 
reader service number or call 
1-8CXT356-8088 right now. 

At Nicolet , we build instruments 
for measurement experts like yvu. 


Nicolet 


INSTRUMENTS OF DISCOVERY 

el Test Instruments 
Madison, Wisconsin, USA 53711-4495 
608/271-3333, FAX 608/273-5061 
In Canada Call: 800-387-3385 

Circle Reader Action No. 697 






measured phase noise of a transistor 
oscillator locked to the n = 10(7.84-GHz) 
mode showed a 1/f 3 dependence at low 
f (where f = the offset from the carrier 
frequency), and a value of -55 db/Hz at 
an offset of 10 Hz from the carrier. This 
appears to be lower than the phase noise 
previously reported for a noncryogenic X- 


band oscillator. 

On the basis of these measurements 
and the performance of commercially 
available phase detectors, the phase noise 
of a resonator cooled to 77 K and with a 
0 of 3xl0 7 is projected to be -85 dB/Hz 
at an offset of 1 Hz. This value is 30 dB 
below that of a frequency-multiplied quartz- 


crystal oscillator that is the best X-band 
source now available 

This work was done by G. John Dick 
and Jon Saunders of Caltech for NASA’s 
Jet Propulsion Laboratory For further 
informatbn, Circle 57 on the TSP Request 
Card. 

NPQ-18082 


GaAsP Photodiodes as X-Ray Detectors 

GaAsP cells cost less than Si cells do and are less damaged by radiation. 
NASA's Jet Propulsion Laboratory, Pasadena, California 



The Approximate 
Relative Spectral 
Responsivity of a 

GaAsP photodiode 
with and without an 
aluminum-foil window 
indicates that the alu- 
minum foil can be 
used to block visible 
and ultraviolet light 
and that the photo- 
diode can detect x 
rays that penetrate 
the foil. 


Tests show that commercial G1 126-02 
GaAsP photodiodes designed as ultraviolet 
detectors can be modified easily for use 
as x-ray detectors. At present, x-ray and 
other highly energetic radiation are usually 
measured with specially fabricated silicon 
cells. The modified GaAsP photodiodes 
cost about one third as much as the silicon 
cells and are more resistant to damage by 
radiation. 

The GaAsP photodiodes have quartz 
windows. When used to measure ultra- 
violet fluxes, the windows or other aper- 
tures in the optical paths are covered with 
optical filters. To modify one of these pho- 
todiodes for the x-ray application, one 
removes the quartz window and replaces 
it with an aluminum foil, which blocks ul- 
traviolet and visible radiation. 

To verify the concept, GaAsP cells were 


tested with quartz windows, without win- 
dow covering, and with windows of alu- 
minum foil 1 mil (0.025 mm) thick. The 
figure presents the results of one of the 
tests, showing that the tested photodiode 
does indeed function as a detector of pho- 


tons with energies from 20 to 100 keV. 

This work was done by Eric G. Laue of 
Caltech for NASA’s Jet Propulsion Lab- 
oratory. For further information, Circle 3 
on the TSP Request Card. 

NPO-17849 


Hole-Impeded-Doping-Superlattice LWIR Detectors 

Detectors would operate at wavelengths up to 17 pm and temperatures above 65 K. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


Hole-Impeded-Doping-Superlattice 
(HIDS) InAs devices have been proposed 
for use as photoconductive or photovoltaic 
detectors of radiation in the long-wave- 
length infrared (LWIR) range of 8 to 17 /im. 
There is scientific and military demand for 
arrays of such devices for imaging and 
spectroscopy, which would be compatible 
with silicon multiplexing and readout cir- 
cuitry and which could operate at tem- 
peratures above 65 K. Prior silicon LWIR 
detectors have required cooling to tem- 
peratures below 12 K, and recent AIGaAs/ 
GaAs quantum-well LWIR detectors have 
lower sensitivity and require deflection of 
light into the planes of the semiconductor 
wafers, making development into imaging 
arrays more difficult. 

The HIDS concept is based on the 
growth of narrow-band-gap semiconduc- 
tors from groups III and V of the periodic 
table to form a superlattice with a doping 
profile that provides long-wavelength cutoff 
and impedes the interlayer hole conduct- 
ance. Extrapolating from experience with 
GaAs devices (which operate at wave- 
lengths of about 1 >im), the proposed de- 


vices would be fabricated by molecular- 
beam epitaxy (MBE) of doped InAs on Si 
or GaAs substrates. 

The upper part of the figure illustrates 
a portion of an array of the proposed HIDS 
devices, and the lower part of the figure 
shows typical doping and energy-level pro- 
files. The spatially oscillating doping pro- 
file would cause the electron and hole 
potentials to oscillate correspondingly in 
such a way as to reduce the energy gap, 
Eg, between the valleys in the conduction 
band and the peaks in the valence band. 
This gap would depend on the concentra- 
tions of dopants and the thicknesses of 
the layers and could be tailored to any 
value (to obtain the desired cutoff wave- 
length) from zero to the E g of undoped 
InAs. The oscillating profile would also 
cause separation of the peaks of the elec- 
tron and hole wave functions; this effect 
is undesired in that it would reduce the ab- 
sorption of the infrared photons of interest, 
but it could be kept within acceptable limits 
by use of high concentrations of dopants 
and, within these limits, would be offset 
by the beneficial effect of increased car- 


rier lifetime. Optimization of the doping pro- 
file may be achievable with modern 
"delta” sheet doping techniques during 
MBE growth. 

In the face of the impracticality of match- 
ing the concentrations of electron-donor 
(n) and electron-acceptor (p) dopants pre- 
cisely in the n+ and p+ layers, respective- 
ly, it is beneficial to impede the conductivi- 
ty for holes along the z axis (perpendicular 
to the planes of the layers). This would be 
done by making the barriers to holes (n+ 
layers) sufficiently thick. The small effec- 
tive mass of electrons and thinner barriers 
to electrons (p + layers) allows electrons 
to penetrate perpendicularly to the layers 
fairly freely with good mobility, thus per- 
mitting minority carrier electron collection 
at the n+ contact layer. Although the 
smaller effective masses of the electrons 
(in comparison with the effective masses 
of the holes) would give rise to undesired 
greater quantization of energy levels in the 
electron-potential wells, this effect would 
be reduced by the greater thicknesses of 
the electron-potential wells (which coin- 
cide with the hole-potential barriers). 

The upper figure illustrates either a pho- 
tovoltaic or photo conductive detector, de- 
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AN APPLICATIONS EXAMPLE. 

While the following example is for air- 
craft, it could apply to any air. land, sea 
or space system. 

SEQUENCE ONE: The four- pushbutton 
display reads “ENGINE START,” “BAT- 
TERY OK,” “FUEL OK,” OXYGEN OK" 
The operator selects “ENGINE START" 
SEQUENCE TWO: The four 
pushbutton display now changes to 
read “ENGINE OK,” “HYDRLC OK,” 
“POWER OK.” “CHECK LIST” The oper- 
ator selects “CHECK LIST” 
SEQUENCE THREE: The four- 
pushbutton display now reads “CHECK 
ICE” “CHECK FLAPS” “CHECK 
BRAKE,” “SYSTEM OK.” In this man- 
ner, the designer can program in as 
many sequences as required. 


Design flexibility: 
The programmable 
display system. 

Viv isun Series 2000. now the leading program- programmable display system can do the work of 

livable display pushbutton system, interlaces the SO or more dedicated switches. In short, Vivisun 

operator with. the host computer. The user-friendly Series 2000 gives the design engineer more control 
Lid) dot-matrix displays can display any graphics or over the design 
alpha-numerics and an available in green, red or Contact us today, 

amber. They can efficiently guide the operator 
through any complex sequence with no errors and 

no wasted time. 4EROSR4CE OPTICS INC. 

They also simplify operator training as well as 3201 Sandy Lane. Fort Worth, Texas "Y>112 

control panel design. One Vivisun Scries 2000 (HD iSl-IIH • Telex *"5-8461 • lax (817)654-3405 


Vivisun Series 2000 

programmable displays. The intelligent 
communications system. 
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GaAs or Si. Radiation would be incident on the back surface, 
the metal contacts for the picture elements would serve as re 
tors, effectively doubling the optical path and thereby increasing 
absorption of photons. 


pending on whether the lower InAs contacting layer is p + or n + , 
respectively. It would also be desirable to grow a p* GaAs layer 
over the exposed etched grooves to provide surface passiva- 
tion and improved hole contact. The photoconductive detector 
offers advantages of high gain and high impedance; the 
photovoltaic detector offers lower noise and a better interface 
to multiplexer readouts. 

This work was done by Joseph Maserjian of Caltech for 
NASA's Jet Propulsion Laboratory. For further information, 
Circle 51 on the TSP Request Card. 

This invention is owned by NASA, and a patent application 
has been filed. Inquiries concerning nonexclusive or exclusive 
license for its commercial development should be addressed 
to the Patent Counsel , NASA Resident Off ice- J PL [see page 
16]. Refer to NPO-1 7880. 


High-Gain Al x Ga 1 x As/GaAs 
Transistors for Neural Networks 

Darlington pairs exhibit current gains of 4,000. 
NASA's Jet Propulsion Laboratory , 

Pasadena, California 

High-gain Al x Ga 1o As/GaAs npn double heterojunction 
bipolar transistors have been developed for use as 
phototransistors in optoelectronic integrated circuits, espe- 
cially in artificial neural networks. In the contemplated 
optoelectronic implementation of a neural network, a 
two-dimensional array of photodetectors, saturating 
amplifiers, and light sources would be integrated on a 
monolithic circuit chip. Each light source would represent the 
output of a neuron; the light would be diffracted to 
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Our concise color photographs , illustrations , and descriptive text depict levels of 
production processes in a range of acceptability from preferred to not acceptable. 
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This Al x Ga 1 x As/GaAs npn Double-Heterojunction Bipolar 
Transistor was grown epitaxially by metal-organic chemical- 
vapor deposition. The concentration of dopant was measured by 
an electrochemical profiler. 

other neurons by holographic optical elements. When the 
total optical input to a neuron was below a threshold level, 
the output of the neuron would be zero. When the total input 
exceeded that level, the output of the neuron would rise to 
a saturation value. Al x Ga 1 x As/GaAs double-heterojunction 
bipolar transistors would perform both the photodetection 
and saturating-amplification functions of the neurons. These 
transistors are good candidates for such an application 
because they are structurally compatible with laser diodes 
and light-emitting diodes, can detect light, and can provide 
the high current gain needed to compensate for losses in the 
holographic optical elements. 

The developed transistors (see figure) were grown epi- 
taxially by metal-organic chemical- vapor deposition on semi- 
insulating substrates of ( 1 00)-oriented GaAs doped with Cr. 
The GaAs and Al x Ga t x As layers were grown from GafCH^, 
AI(CH 3 ) 3 , and AsH 3 gases in H 2 carrier gas. The p and n 
dopants were Zn and Si, respectively. During the growth of 
the layers, the temperatures of the substrates were main- 
tained at about 730°C. 

To obtain large current gain, it was necessary to sup- 
press diffusion of Zn out of the base layer during the 
deposition process. A reduction in the deposition tempera- 
ture would have had this effect but would also have resulted 
in a greater number of undesired nonradiative recombina- 
tion centers in the light sources that would eventually be 
integrated with the transistors. The nonradiative recombi- 
nation centers will significantly degrade performance of the 
light sources. Therefore, to reduce the out-diffusion of Zn, 
the concentration of Zn was reduced below what would 
otherwise be considered normal for transistors of this type. 
In general, a reduction in the base doping causes an increase 
in the base resistance and a consequent increase in the 
NASA Tech Briefs, September 1991 
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switching time of the transistors. However, 
in a neural network, even a relatively long 
switching time of 1 /ts is acceptable. 

In tests of electrical characteristics, 
a transistor of the new type exhibited 
a common-emitter current gain of 500. 
A wire-connected pair of such transistors 
in the Darlington configuration exhibited 
an overall current gain of 4,000, which 
more than satisfies the estimated require- 


ment of 2,500 for an optoelectronic neural 
network. An experimental monolithic 
10x10 array of optoelectronic neurons 
was built, and the fully functional opera- 
tion of the neuron arrays was successful- 
ly demonstrated. 

This work was done by Jae-Hoon Kim 
and Steven H. Un of Caltech for NASA’s 
Jet Propulsion Laboratory For further 
information, Circle 22 on the TSP Request 


Card. 

This invention is owned by NASA , and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 16]. Refer to NPO-18101. 


Alternative AlxGa^As/GaAs Transistors for Neural Networks 

Current gain is increased through reduction of bulk leakage and surface-recombination currents. 


NASA's Jet Propulsion Laboratory, Pasadena, California 


Further development efforts have yield- 
ed an alternative version of the transistors 
described in the preceding article, “High- 
Gain Al x Ga 1 _ x As/GaAs Transistors for 
Neural Networks” (NPO-18101). These ef- 
forts have focused on determining the ef- 
fects of various aspects of the design and 
of the fabrication processes upon leakage 
currents and, consequently, on current 
gains. 

It is difficult to obtain high and repro- 
ducible current gains in double-hetero- 
junction bipolar transistors with bases con- 
taining diffused zinc like those of the 
preceding article largely because such 
transistors have leakage currents much 
greater than those of the more-conven- 
tional etched-base double-heterojunction 
bipolar transistors. The leakage currents 
are mainly caused by recombinations of 
charge carriers in the depletion regions, 
in the bulk regions, and on the surfaces. 
Furthermore, the diffusion of the Zn dop- 
ant out of the base region at the high 
fabrication temperatures can destroy the 
integrity of the emitter-base heterojunction. 

The figure shows the alternative tran- 
sistor configuration. Research on the 
aforementioned and other factors that af- 
fect current gains led to the conclusion 
that the current gain of such a transistor 
could be maximized by (1) reducing the 
leakage currents that flow laterally through 
the homojunction between the zinc-dif- 
fused extrinsic AI^Ga^As base layer 
and the Al 0 ^Gag 7 As emitter layer, (2) re- 
ducing the thermal degradation, during 
fabrication, of minority-carrier lifetime in 
the base, and (3) optimal control of the dif- 


n+ Cap: GaAs. 

= 1.4x 10 l8 cm~ 3 , 


EmltterXo.3Gao.7A3, 
n = 4.2 x 1017 cm -3. 
t = 1.1 pm 



Notes: 

1. “p" and “n" denote the concentrations 
of p and n dopants, respectively. 

2. “t" denotes thickness 

3. p dopant is Zn; n dopant Is Si. 


This Zinc-Diffused- 
Extrinsic- Base 
Double-Heterojunc- 
tion Bipolar Transis- 
tor differs from the one 
described in the pre- 
ceding article in the 
design and fabrication 
of the connection be- 
tween the external 
metal contact and the 
intrinsic base layer. 


fusion of Zn as a function of temperature 
and time during fabrication. 

Specifically, the lateral leakage currents 
can be suppressed by etching an isolating 
channel between the emitter and extrin- 
sic base regions. The highest current gain 
is obtained when the channel is etched to 
a depth that leaves a depleted Al 0 3 GaQ jAs 
emitter layer about 1,000 A thick cover- 
ing the intrinsic base layer. The reason is 
that at this optimal etching depth, the sur- 
face-depletion layer and the intrinsic base- 
emitter-junction-depletion layer can punch 
through and the leakage currents are ef- 
fectively blocked from the emitter periph- 
ery. This layer acts as a passivation layer 
and reduces the surface-recombination 
currents aw well. The depth of diffusion 
of zinc to form the extrinsic base layer is 


controlled accurately so that it reaches the 
base layer and so that the diffusion proc- 
ess causes minimal degradation of the 
minority-carrier lifetime in the intrinsic base 
layer. 

Specimens of the transistors exhibited 
dc common-emitter current gains as high 
as 200. With further improvements in de- 
sign and processing, it may be possible 
to obtain gains comparable to those of the 
etched-base transistors. A monolithically 
integrated Darlington pair of such tran- 
sistors exhibited an overall current gain of 
6 , 000 . 

This work was done by Jae-Hoon Kim 
and Steven H. Un of Caltech for NASA’s 
Jet Propulsion Laboratory For further 
information, Circle 6 on the TSP Request 
Card. NPO-18177 


High-Power AIGa As Quantum-Well Lasers on Si Substrates 

Improved devices are made by migration-enhanced molecular-beam 
epitaxy and metalorganic vapor-phase epitaxy. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Al x Ga 1 _ x As lasers of the graded-index- 
of-refraction, separate-confinement-heter- 
ostructure, single-quantum-well type have 
been fabricated on silicon substrates by 
migration-enhanced molecular-beam 


epitaxy followed by metalorganic vapor- 
phase epitaxy. These lasers are interme- 
diate products of a continuing effort to de- 
velop low-threshold-current, high-efficiency 
lasers for parallel optical interconnections 


between large-scale optoelectronic inte- 
grated circuits. 

Figure 1 illustrates the composition-vs - 
depth profile of one of these lasers. The 
initial (leftmost in this figure) layer of GaAs 
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When we say the Gould TA4000 
has all the features you need to 
get the most accurate trace 
available, nothing could be 
closer to the truth. 

First, Gould signal 
conditioners. Not only do we 
offer the industry’s widest 
selection, but also the most 
accurate. So no matter what 
your application, you always 
have the right answer. 

Second, the dedicated 
controls. Features like auto-setup 
and simple trace positioning 
make start-ups a breeze and 
minimize operator errors. 

Then, its 15" printhead 
records 8 to 24 channels in 


% 
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or overlapping 
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And finally, our 
exclusive Micropulsing® 
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contrast at all chart speeds and 
every signal frequency. 

All this, backed by 
the largest sales and 
support organization in the 
recorder industry. 

Call Gould today at 
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immediate response fill out the 
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Molecular-Beam 

Epitaxy 


Figure 1. The Atomic Fraction, x, of Aluminum in Al x Ga 1 _ x As is plotted as a function 
of distance (decreasing depth) from the surface of the Si substrate. 


doped with silicon (n dopant) was grown 
by migration-enhanced molecular-beam 
epitaxy on an n-doped silicon (100) sub- 
strate tilted 4° toward the [110] direction. 
In this particular version of migration-en- 
hanced molecular-beam epitaxy, two sub- 
layers of the initial GaAs layer were depos- 
ited in the following sequence: 

1. The first 150 monolayers of GaAs were 
grown by migration-enhanced molecular- 
beam epitaxy, in which Ga and As beams 
were supplied alternately and the sub- 
strate was heated to <400 °C — less 
than the conventional molecular-beam- 
epitaxy temperature of > 580 °C — to 
reduce the density of defects. 

2. The second sublayer, 1.5 to 2.0 /xm thick, 
was grown by molecular-beam epitaxy 
that was conventional in that Ga and As 
beams were supplied simultaneously but 
unconventional in that the temperature 
was kept <400°C. 

The A^Ga^yAs layers of the graded- 
index-of-refraction, separate-confinement- 
heterostructure quantum well were depos- 
ited by metalorganic vapor-phase epitaxy 


at a temperature of 750 °C and a pressure 
of 76 torr (10 kPa). The sources of gallium, 
aluminum, and arsenic were trimethylgal- 
lium, trimethylaluminum, and arsine, re- 
spectively; the sources of the p dopant 
(zinc) and the n dopant (silicon) were 
diethylzinc and silane in hydrogen, respec- 
tively. The heterostructures thus deposited 
were fabricated into lasers by cleaning, 
polishing, deposition of metal contacts, 
and cleavage along the [011] direction to 
form the laser facets. 

The lasers were tested and found to 
have excellent current-vs.-voltage charac- 
teristics that included sharp forward turn- 
on at 1.1 V and reverse breakdown at 8 V. 
Figure 2A shows the output power as a 
function of injection current of a laser with 
a cavity length of 500 jxm and a stripe dif- 
ferential width of 110 jxm, without coating 
on the facets, at room temperature. This 
plot indicates a differential quantum effi- 
ciency of 40 percent. It also indicates a 
300-mA threshold current, which cor- 
responds to a threshold current density of 
550 A/cm 2 — considerably better than 


the 1- to 2-kA/cm 2 threshold-current den- 
sity of prior A^Ga^^s lasers on Si 
substrates. In addition, the peak output 
power of more than 400 mW per facet may 
be the highest peak power observed to 
date on low-threshold-current lasers on Si 
substrates. The laser shows stable opera- 
tion to more than 400 mW per facet at 
6l th . The full width at half maximum of the 
farfield pattern in Figure 2B varies from 3° 
to 6° over the entire pumping range. 

This work was done by Jae-Hoon Kim, 
Robert J. Lang, Gouri Radhakrishnan, and 
Joseph Katz of Caltech for NASA’s Jet 
Propulsion Laboratory For further infor- 
mation, Circle 5 on the TSP Request Card. 
NPO-17988 
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Figure 2a. The Output vs. Injection Cur- 
rent of a laser of the type described in 
the text indicates a differential quantum 
efficiency of 40 percent and a threshold 
current of 300 mA. Figure 2b. The Far-Field 
Patterns of a laser are plotted as a 
function of angle at different pumping 
levels. 
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Resistor Extends Life of Battery in Clocked CMOS Circuit 

The circuit is operated at low power to reduce current drain. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


The addition of a fixed resistor between 
a battery and a clocked complementary 
metal oxide/semiconductor (CMOS) circuit 
(see Figure 1) reduces the current drawn 
from the battery. This simple expedient can 
prolong the lives of batteries in such low- 
power CMOS circuits as watches and 
calculators. 

The basic idea is to minimize the cur- 
rent drawn from the battery by operating 
the CMOS circuit at the lowest possible 
current consistent with the use of simple, 
fixed off-the-shaft components. The prin- 
ciple of operation is illustrated in Figure 
2, which shows the nonlinear current-vs.- 
voltage characteristics of the circuit in 
question. The upper and lower curves de- 
note the limits of unit-to-unit and thermal 
variations in these characteristics. 

To provide enough power under worst- 
case conditions (the lower curve), it is nec- 
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Figure 1. The Resistor in Series With the 

Battery reduces the current drawn by the 
CMOS circuit, thereby prolonging the life 
of the battery. The bypass capacitor 
smooths out operating transients. 



Figure 2. The CMOS Circuit operates at the 
intersection of the applicable straight line 
and the applicable nonlinear current-vs.- 
voltage characteristic. The current drain 
with resistance added is much less than 
it is without resistance added. 


essary to set the battery voltage fairly high. 
As a result, the battery, which has low re- 
sistance, would initially drain at a rate great- 
er than that required by the CMOS circuit 
unless a power-conditioning circuit of some 
kind were added. In this case, the fixed 
resistor (typically > 100 kQ) in series with 
the battery acts as the power conditioner, 
allowing the CMOS circuit to effectively 
regulate its own operation to a lower volt- 


When Schaeffer Magnetics, a com- 
pany with 24 years of spaceflight 
component design experience, was 
asked to provide actuators for NASA’s 
Flight Telerobotic Servicer (FTS), they 
turned to Algor engineering software 
to optimize their design. 

The FTS is designed to perform a 
variety of tasks in space, including 
the assembly and maintenance of 
spacecraft. The actuators are the 
"joints” for the arms and legs of the 
FTS. There is no room for compromise 
in the design of such critical com- 
ponents for this vital system. That’s 
why Schaeffer Magnetics chose Algor. 

Algor engineering software is the 
choice of more than 5.000 engineers 
worldwide because it’s more powerful, 
easier to use. better supported and 
less costly than competitive systems. 

High level service at low cost is a 
key component of Algor’s success. 
Every Algor customer gets a full year 
of technical support and free 
upgrades, a monthly newsletter and 
access to a low cost, long term main- 
tenance program. Plus. Algor 
performs training classes and cus- 
tomized, on-site seminars almost 
every day. 


age and current. When the battery is fresh, 
the operating point lies somewhere along 
the line between points C and D. When the 
battery is weak, the operating point lies on 
the line between points E and F. 

Point F is the point of minimum op- 
erating current. Because this current is 
relatively low, the resistor has little ef- 
fect near the end of the useful life of the 
battery; that is, even if the series resistor 


Schaeffer Magnetics is building the 
future with Algor. You can. too. Phone 
or fax today for our comprehensive 
technical literature package. 


Algor FEA and Design Packages for 
IBM Compatible 286. 386 and 486 
Computers and Sun SPARCstations 

Linear Stress 

Buckling 

Electrostatic 

Frequency Response 

Nonlinear Stress 

Composite Elements 

Random Vibration 

Nonlinear Gap/Cable 

Vibration & Mode 
Shape Analysis 

Steady-State & 
Transient Heat 
Transfer 

Parametric and 
Variational Modeling 

Steady-State & 
Transient Fluid-Flow 

Computer Aided 
Design 

Modeling & Design 
Visualization 

Modal Analysis with 
Load Stiffening 

Beam Design 
Editor 


♦ RLGOR 


Algor, Inc. • 260 Alpha Dr. Pittsburgh, PA 15238 
Phone: 412-967-2700 • Fax: 412-967-2781 

In California: 714-755-3207 


GSA Contract # GS 00 K 89 AGS 6270 PS01 


Sun and SPARCstation are Trademarks of Sun Microsystems. 



"Algor’s FEA Design System has excellent processors, powerful graphics 
and accuracy at a price that has no match on the market" Stefan B. Delin, 
Ph.D., Sr. Analytical Engineer, Schaeffer Magnetics, Inc., Chatsworth, CA. 
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were shorted out once the current fell to This work was done by George H. Wells, cle 120 on the TSP Request Card. 

the minimum, the current would soon fall Jr. of Caltech for NASA’s Jet Propulsion NPO -17967 

to the minimum again. Laboratory For further information, Cir- 

End-Loaded, Cavity- Backed, Cross-Slot Antennas 

Advantages include lower losses, lighter weights, smaller sizes, and greater bandwidths. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 


End-loaded, cavity-backed, cross-slot an- 
tennas are being developed for use in the 
mobile/satellite service and other similar 
commercial services. These antennas are 
intended to transmit and receive in circular 


polarization at frequencies between 1 and 
2 GHz. They can be fabricated and tuned 
to their operating frequencies fairly easi- 
ly. In comparison with prior crossed-slot 
antennas, they weigh less, cost less, and 


exhibit lower electrical losses. 

Crossed-slot antennas, including cavity- 
backed versions, have been used before. 



Cavity-Backed Cross-Slot Antennas can 

be made without end loading or with end 
loading tailored to obtain various desir- 
able electrical characteristics. 

NASA Tech Briefs, September 1991 


HIGH SPEED 
PHOTOGRAPHY 


At major test facilities nationwide, High 
Speed Photography is synonymous with 
the Photo-Sonics 16mm-1PL Camera. 

And for good reason. Rock-steady pic- 
tures from 10 to 500 pin-registered frames- 
per-second! Quick-change 200’, 400' and 
1200’ film magazines. Multiple camera 
synchronous phase lock operation. Built-in 
numeric or BCD data recording, automatic 
exposure control ... and more. 

These features and an unequalled reli- 
ability record in harsh airborne or ground 
environments make the 1PL the clear choice 
for high speed photo analysis. Contact us 
for detailed technical data and complete 
test results. 


213 - 849-6251 


Fax 

818 - 842-2610 


820 S Mariposa St. 
Burbank, CA 91506 
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End loading has also been used before in 
antennas of other types to decrease the 
resonant lengths of radiating elements. In 
this case, the crossed-slot, cavity-backed 
and end-loaded-antenna concepts are com- 
bined to obtain the advantages of all three. 

The figure illustrates cavity-backed 
cross-slot antennas both without end 
loading and with several different end- 
loading shapes. The feed lines are con- 
nected via four straight coaxial probes 
placed symmetrically at 90° intervals. Pro- 
ceeding in a circle around the center, each 
probe is excited 90° out of phase with 
respect to the preceding probe. Because 
each pair of geometrically and electrical- 
ly opposing probes lies in the null field of 
the other pair, cross-polarization is mini- 
mized. The center conductor of each 
probe is soldered to the top (slotted) plate 
of the cavity, while the outer conductor is 
soldered or otherwise fastened to the bot- 
tom plate. 

The end loading (widening at the ends) 
increases the electrical length of a slot, 
thereby decreasing its resonant frequen- 
cy (or, equivalently, making it possible to 
use a shorter slot to obtain a given reso- 
nant frequency). Thus, by use of end load- 
ing, one can make the antenna smaller 
(and, therefore, lighter in weight). Alterna- 
tively, one can exploit this effect to counter- 
act the decrease in electrical length (or, 
equivalently, the increase in resonant fre- 
quency) that occurs upon removal of the 
dielectric filling from the cavity. 

These antennas have very good radio- 
frequency characteristics. Antennas with 
air-filled cavities exhibit lower losses than 
do those with dielectric-filled cavities, and 
the elimination of the dielectric reduces 
weight. Moreover, air-filled-cavity antennas 
have larger bandwidths (lower voltage 
standing-wave ratios over wider frequen- 
cy ranges) and, in comparison with anten- 
nas that contain low-loss dielectrics, are 
less expensive. These antennas do not re- 
quire external tuning circuits, and the 
elimination of these circuits reduces both 
costs and electrical losses even further. 

This work was done by Farzin Manshadi 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, On 
cle 88 on the TSP Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title 
to this invention. Inquiries concerning 
rights for its commercial use should be ad- 
dressed to 

Edward Ansell 

Director of Patents and Licensing 

Mail Stop 305-6 

California Institute of Technology 

1201 East California Boulevard 

Pasadena, CA 91125 
Refer to NP&18100, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


16 MHz CPU 
DRAM to 512K 
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Custom commands in C 
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Inputs to 235K samples per second 
Outputs to 250K samples per second 


Or call for 

FREE demo diskette. 


Labor atoriksX 

2265 116th Avenue NE 
Bellevue, WA 96004 
FAX (206 >453-3199 
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HOW TO MAKE 
ANY DRIVE BE 
DIGITALLY 
PRECISE 


Pick a drive. AC, DC, 
servo or clutch. The 
M-Trim Universal Digital 
Speed Controller can replace 
its speed pot, giving you stand- 
alone accuracy within 0.01%. With 
zero error in the follower mode. Even 
more complex, multi-motor systems 
can be coordinated with the M Trim. 



Diagnostics are as easy as 
dialing a telephone. And 
M-Trim’s RS-422 port and 
direct-access programming 
can link with your applica- 
tion’s computers. Call 1 800 342-441 1 . 
Or write. Fenner, 8900 Zachary Lane 
North, P.O. Box 9000, Maple Grove, 
MN 55369. Fax: 612 424-8734. 
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Base your important decisions on the best information possi- 
jle. IHS® Military Information Services provide the world’s 
'argest, most reliable databases: 

• DoD Standardization Service on CD-ROM. Full-text 
Military and Federal Specifications, Standards, Drawings 
and more. 

• HAYSTACK" System. The most comprehensive source of 
information on government purchased and stocked parts. 

• QPL Service. Full-text Qualified Products Lists and Stan- 
dard Military Drawings (SMDs) — part number searchable! 

» Jane’s Yearbooks on CD-ROM. Detailed information on 
military aircraft, ships, tanks and weapon systems 
throughout the world. 

services are available in CD-ROM, online, magnetic tape, 
umkey MicroVAX® system, microform and hardcopy 
'ormats and soon . . . Oracle® relational databases! 


r ... — ...... 

Free brochures and demo diskettes. 

5-1/4" or 3-1/2" Diskettes 

DoD Standardization Service on CD-ROM Haystack System 

Jane's Yearbooks on CD-ROM QPL Service 

Name: 

Phone: 

Title/Department: 

Organization: 

Address: 

City State/Country Zip/Country Code 

Mail to: Information Handling Services 
Department 59 • 15 Inverness Way East 
Englewood, CO 80150 USA 
Or call: 800-241-7824 • 303-790-0600, ext. 59. 

NTB 9/91 FAX: 303-397-2747 


Information Handling Services® 
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IVIASA Invites You To America’s 
Premier Technology Showcase 



Technology SOOI 

The Second National Technology Transfer 
Conference & Exposition 

December 3-5, 1991 
San Jose Convention Center 
San Jose, CA 

► Discover the latest advances in Computer Technology and Software Engineering, 
Electronics, Materials, Manufacturing Technology, and Biotechnology/Life Sciences. 

► Learn how to tap into the U.S. government's $65 billion technology bank. 

► Meet key government/industry researchers and technology transfer experts, who will 
help you turn innovative ideas into profitable products. 


Sponsored by NASA, the Technology Utilization Foundation, and 
NASA Tech Briefs Magazine 



US government R&D pro 
grams have created a $65 bil- 
lion technology storehouse that's 
available to you now for use in 1 
developing new or improved prod- 
uctsand processes. Technology 2001 ^ 
will show you how to tap into this 
incredible resource to increase your 
productivity and competitiveness, and 
will introduce you to America's premier 
researchers and technology managers, in- 
cluding top experts from NASA, the Environ- 
mental Protection Agency, the National Sci- 
ence Foundation, and the departments of Ag- 
riculture, Commerce, Defense, Energy, Health 
and Human Services, Interior, Transportation, and 
Veterans Affairs. 

Technology 2001 will feature: 

> Over 40,000 square feet of exhibits by federal labo 
ratories, their prime contractors, and other high-tech 
firms and universities with cutting-edge inventions 
available for license or sale; 

> 120 symposia presentations spotlighting new 
advances with commercial promise in such critical 
areas as biotechnology, electronics, materials sci- 
ence, and manufacturing technology; 


Concurrently with Technology 
2001 , the federal government 
is holding a special conference 
on Intelligent Processing Equip- 
ment — one of four critical manu- 
facturing technologies identified in 
recent report to President Bush, 
federal organizations will brief 
industry on new developments in robot- 
ics, sensors, and controls that will shape 
the future of manufacturing. The confer- 
ence — consisting of symposia, industry-gov- 
ernment discussion panels, and exhibits— is 
open to Technology 2001 attendees at no 
additional charge. 

Who Should Attend Technology 2001 

Research directors, project leaders, design engi- 
neers, scientists, business executives, and other pro- 
fessionals who manage technology, and who need 
to stay on the cutting edge to remain competitive in 
the global marketplace. 

Do not miss this opportunity to access a wealth of 
federally-developed technology, meet the key play- 
ers in government and high-tech industry, and dis- 
cover tomorrow's innovations, today. 


> Government-Industry Workshops covering vital infor- 
mation on patent licensing. Cooperative Research 
and Development Agreements, and Small Business 
Innovation Research contracts. 

Plus these special events: 

> A Pre-Show Reception on Monday, Dec. 2 in the 
exhibit hall, offering attendees and the media the 
chance to preview the exhibits and meet the present- 
ers in a relaxed, informal atmosphere; 

> The second annual Technology Transfer Awards Din- 
ner, recognizing outstanding achievements in tech 
transfer to industry. This event offers a unique oppor- 
tunity to network with government and industry execu- 
tives in an elegant setting — the Imperial Ballroom of 
the San Jose Fairmont Hotel. (Seating is limited, so 
reserve tickets early!) 


Show Schedule 

Monday, Dec. 2 

6:00 pm - 8:00 pm 
Tuesday, Dec. 3 
9:00 am -10:30 am 
1:00 pm -3:00 pm 
4:30 pm - 6:00 pm 
Wednesday, Dec. 4 
8:30 am -10:30 am 
1:00 pm -3:00 pm 
4:30 pm - 6:00 pm 
7:00 pm -10:00 pm 
Thursday, Dec. 5 
8:30 am -10:30 am 
1:00 pm -3:00 pm 
4:30 pm - 6:00 pm 

Exhibit Hours 

Dec. 3 10:00 am 
Dec. 4 10:00 am 
Dec. 5 10:00 am 


Opening Reception 

Plenary Session 
Technical Sessions 
Govt./Industry Workshops 

Technical Sessions 
Technical Sessions 
Govt. /Industry Workshops 
Awards Dinner 

Technical Sessions 
Technical Sessions 
Govt. /Industry Workshops 


- 5:00 pm 

- 5:00 pm 

- 4:30 pm 



Technology 2001 Exhibitors 

Here are some of the more than 200 government R&D centers, universities, 
and high-tech firms exhibiting at Technology 2001: 


Aerospace Lubricants Inc. 
Aerospatiale 
Agema Infrared Systems 
Air Force Manufacturing 
Technology Directorate 
Air Force Systems Command 
Ambassador Marketing 
American Ceramic Society 
American Welding Society 
Ames Laboratory 
Ames Research Center 
Ames Spatial Auditory 
Display Lab 
AMPEX 

Analytical Graphics 
Armstrong Laboratory 
Army Laboratory Command 
Arthur D. Uttte Inc. 

Assoc, of American Railroads/ 
US Department of 
Transportation 
Astro-Med Inc. 

Bend Research 
BF Goodrich Aerospace 
Super-Temp 
Biltech Inc. 

Bit 3 Computer Corp. 
Brookhaven National 
Laboratory 
California Institute of 
Technology 

Carnegie Mellon Robotics 
Institute 

Center for Aerospace 
Information 
Ceracon Inc. 

Coming Inc. 

COSMIC 

Crystal River Engineering 
Cybernet Systems 
Datatape Inc. 

Department of Energy 
Design & Evaluation Inc. 
Digiray Corp. 

Earth Observation Satellite 
Company 

Eastman Kodak Company 
European Space Agency 
Fabric Development Inc. 


Fermi National 
Accelerator Lab 
FUR Systems Inc. 

Goddard Space Flight Center 
Government of Israel 
Trade Center 
Hamilton Technologies 
Hardigg Industries 
Heimann Infrared Division/ 
Pyrometrics Corp. 

Hemco Corp. 

Hi-Techniques 

Hitachi Denshi America Ltd. 

HTS Inc. 

Idaho National 
Engineering Lab 
Industrial Materials 
Technology Inc. 
Information Handling Services 
Inframetrics Inc. 

Integrated Engineering 
Software 

Integrated Systems Inc. 

Intel Corp. 

Interfinance Corp. 

IXYS Corp. 

James Grunder & Assoc. 

Jet Propulsion Laboratory 
Johnson Space Center 
JP Technologies Inc. 

Keane Controls Corp. 
Kennedy Space Center 
Langley Research Center 
Lawrence Livermore National 
Laboratory 

Lewis Research Center 
Los Alamos National Lab 
Luxtron Corp., Accufiber 
Division 

Magna Engineering Inc. 
Mantech/NSI 

Marshall Space Flight Center 
Martin Marietta Energy 
Systems 
Mathworks Inc. 

McClellan Air Force Base 
Mechanical Technology Inc. 
Metalworking Technology Inc. 
Metrum 


Mikron Instrument Co. 
Morgantown Energy 
Technology Center 
NASA 

NASA Regional Technology 
Transfer Centers 
NASA Small Business 
Innovation Research 
NASA Tech Briefs 
National Center for 

Manufacturing Sciences 
National Institute of Allergies & 
Infectious Diseases 
National Institute of Standards 
and Technology 
National Space Society 
Naval Air Warfare Center 
Naval Research Laboratory 
NERAC Inc. 

NIAC 

Novespace 

Numerical Algorithms Group 
NYMA Inc. 

Ohio Aerospace Institute 
Olympus Corp. 

Oracle Corp. 

Pacific Northwest Laboratory 
Pasha Publications 
Patton & Patton Software 
Phillips Laboratory 
Pittsburgh Energy Technology 
Center 

PMS Electro-Optics 
Princeton Plasma Physics 
Laboratory 

Proto Manufacturing Ltd. 
Quantum Devices Ltd. 
Raytheon Company 
RGB Spectrum 
RG Hansen & Associates 
Ribbon Technology Corp. 
Rockwell International 
Rome Laboratory 
Salco Circuits 

Sandia National Laboratories 


Simmonds Precision Aircraft 
Systems 
SMTEK 

Solar Energy Research Institute 
Sorbilite Inc. 

South Carolina Universities 
Research 

Specialty Steel & Forge 
Spiral Software 
Stanford Research Institute 
Stardent Computer Inc. 
Statistical Sciences Inc. 

Stennis Space Center 
Stephens Analytical 
Stereographies Corp. 

Strategic Defense Initiative 
Organization 
Sun Microsystems 
Superior Products 
Symbolics 
TechLaw Group 
Technical Insights Inc. 
Technology Access Report 
Technology Center of 
Silicon Valley 
Technology Targeting Inc. 
Technology Transfer Society 
Tennessee Technology 
Foundation 

Thin Film Technology Inc. 
Tiodize Inc. 

Ultramet 

United Magnet Technologies 
University of Dayton Research 
Institute 

US Geological Survey 
VA Medical Center. Rehab 
R&D Center 

Vector Aeromotive Corp. 
Virginia Center for Innovative 
Technology 

Wisconsin Center for Space 
Automation and Robotics 
Wolfram Research 
Wright Laboratory 


For information on having your organization exhibit at 
Technology 2001, call Justina Cardillo or Evelyn Mars 
at (800) 944-NASA. In NY, call (212) 490-3999. 


See America's most advanced automobile — the Vector W8 TwinTurbo — in the Technology 2001 exhibit 
hall. Incorporating an array of aerospace technologies, this “supercar” goes from 0-60 mph in less 
than 3.8 seconds and reaches speeds of more than 200 mph. 



Photo: Vector Aeromotive Corp. 


Technology SOOI Program 


Tuesday, December 3 


Plenary Session 
9:00 am — 10:30 am 


(Speakers to be announced) 

9:00: Welcome 

9: 1 5: Keynote Address 
9:50: Technology 2001 Overview 

1 0: 1 5: Intelligent Processing 
Conference Overview 


Concurrent Technical Sessions 
1 :00 pm— 3:00 pm 


Each presentation will last 30 minutes . 
including a question and answer 
period. Registrants may attend whole 
sessions (four presentations) or individual 
presentations from a number of different 
sessions. Meeting rooms are situated in 
close proximity for easy and quick 
movement during sessions. Room 
assignments will be listed in the final 
program distributed at the show. 

(Session A 1 ) 

Advanced Manufacturing 

Ceramic Susceptor for Induction 
Bonding of Metals, Ceramics, and 
Plastics 

John D. Buckley, Senior Research 
Engineer, and Robert L. Fox, Electronics 
Technician. Langley Research Center 

Langley researchers have developed a 
thin flexible carbon susceptor to join 
ceramics, plastics, metals, and combina- 
tions of these materials, using a unique 
induction heating process that dramati- 
cally reduces bonding times. The novel 
carbon susceptor allows application of 
heat directly and only to the bond line. 

Applying NASA’s Explosive 
Seam Welding 

Laurence J. Bement. Senior Pyrotechnic 
Engineer. Langley Research Center 

An explosive seam welding process 
created for aerospace use is finding a 
wide range of industrial applications. 

The process can be used to join 
aluminum and steel alloys, copper, 
brass, titanium, and other metals in 
thicknesses from 0.25 to 4.7 mm. and to 
remotely plug tubes. 

Laser-Based Weld Joint 
Tracking System 

Alan Looney, Welding Engineer, 

Marshall Space Flight Center 
A laser-based system developed to 
control and monitor welding operations 
on space vehicles has been modified to 
provide a weld joint tracking system for 
industrial applications. The weld beam 
profiler features a precision laser-based 


vision sensor, automated two-axis 
machine motion, and an industrial PC 
controller. It eliminates weld repairs 
caused by joint tracking errors, reducing 
manufacturing costs. 

Precision Joining Center 

J. W. Powell. Joining Technology . EG&G 
Rocky Flats 

Mr. Powell will describe a new center 
designed to provide a training ground 
for precision joining techniques. The 
center will transfer this advanced 
technology from the Department of 
Energy weapons complex and joining 
equipment manufacturers to US 
industries, through the training of 
technologists and engineers in such 
areas as process control, data acquisi- 
tion. and joining. 

(Session A2) 

Biotechnology 

Cooperative Research and 
Development Opportunities with the 
National Cancer Institute 

Dr. Kathleen Sybert, Deputy Director, 
Office of Technology Development, 
National Cancer Institute 
The National Cancer Institute's Office of 
Technology Development negotiates 
Cooperative Research and Develop- 
ment Agreements with university and 
industry investigators for the develop- 
ment of new products to diagnose and 
treat cancer and AIDS. Drug screening, 
preclinical testing, clinical trials, and 
AIDS program capabilities form the 
basis for this new technology transfer 
vehicle. 

Technologies for the Marketplace 
from the Centers for Disease Control 

Frances L. Reid-Sanden and R. Eric 
Greene, Technology Transfer Office, 
Centers for Disease Control 
The Centers for Disease Control 
develops and transfers technologies 
designed to prevent and control 
disease and injury. Recent innovations 
include a vaccine against hepatitis A, a 
recombinant rabies vaccine, mono- 
clonal antibodies for the detection of 
legionellae, a rapid method to diag- 
nose human cysticercosis. and a variety 
of devices to ensure worker safety. 

Enhancement of Biological Control 
Agents for Use Against Forest Insect 
Pests and Diseases 

Dr. James M. Slavicek, Project Leader, 

US Forest Service Northeastern Forest 
Experiment Station 

Dr. Slavicek will describe new biological 
control agents for use against forest pests 


such as the gypsy moth and diseases 
such as tree vascular fungal wilts. 

Use of T7 Polymerase to Direct 
Expression of Outer Surface Protein A 
(OspA) from the Lyme Disease 
Spirochete, Borrelia burgdorferi 

John J. Dunn, Senior Scientist. 
Brookhaven National Laboratory 

Brookhaven researchers have cloned 
the ospA gene of Borrelia burgdorferi. 
the spirochete that causes Lyme 
disease. They are testing the resultant 
truncated protein for use as an immuno- 
gen in a vaccine against Lyme disease. 

(Session A3) 

Communications 

Commercial Applications of ACTS 
Mobil Terminal Millimeter-Wave 
Antennas 

Arthur C. Densmore. Antenna System 
Manager, and Rick A. Crist, Microwave 
Processor Subtask Manager . Jet 
Propulsion Laboratory 
A JPL research team is developing low- 
profile. high-gain millimeter-wave 
antennas for future communication 
systems. Commercial opportunities 
include advanced land-mobile satellite 
communications, hybrid satellite/ 
cellular systems, remote satellite news 
gathering, aeronautical and maritime 
satcom, and handheld personal 
satellite communications. 

Antennas for Mobile Satellite 
Communications 

John Huang. Jet Propulsion Laboratory 
The NASA-sponsored Mobile Satellite 
Experiment program has generated 
several innovative microstrip antennas 
at L-band frequencies. Due to their thin 
profile, surface conformability, light 
weight, and low manufacturing cost, 
microstrip antennas are finding increas- 
ing applications in land-mobile satellite 
communications. 

MMIC Linear-Phase and Digital 
Modulators for Space Communica- 
tions Applications 

Narayan R. Mysoor. Jet Propulsion 
Laboratory, and Fazal AH. Pacific 
Monolithics 

This presentation will review the design 
concepts, analyses, and development 
of monolithic microwave integrated 
circuit (MMIC) modulators for the next 
generation of space-borne communi- 
cation systems. Commercial applica- 
tions include phased arrays, satellite 
systems, and microwave systems that 
require continuous phase control in 
trimming multiple channels. 





Phased-Array Antenna Beamforming 
Using an Optical Processor 

Louis P. Anderson. Hughes Aircraft 
Company, and Richard Kunath. Lewis 
Research Center 

Phased-array antennas are playing an 
increasingly important role in radar and 
communications applications, and will 
soon become the preferred way to 
achieve fixed spot, scanning spot, 
multiple spot, and other multi-functional 
beams for satellite communications. The 
presenters will discuss how a lightweight 
optical-processor-based b^amformer 
can provide the required apei • ure 
excitations using a single lightweight 
network. 

(Session A4) 

Computer Graphics 
and Simulation 

Global Positioning System Supported 
Pilot s Display 

Marshall Scott. Systems Engineer. 
Kennedy Space Center 
A new cockpit display for pilots of test 
aircraft uses the Global Positioning 
System to calculate aircraft position. This 
data is displayed graphically along with 
the runway, the desired flight path, and 
“ fly-by “ alignment needles. 

Application of Technology Developed 
for Flight Simulation 

Jeff I. Cleveland. Aerospace 
Technologist . Langley Research Center 
Langley researchers are employing 
supercomputers for mathematical 
model computation to support real- 
time flight simulation. Mr. Cleveland will 
discuss commercial spinoff of these 
techniques in fields such as nuclear 
process control, power grid analysis, 
process monitoring, and chemical 
processing. 

FAST: A Multi -Processed Environment 
for Visualization of Computational 
Fluid Dynamics 

Gordon V. Bancroft. Fergus J. Merritt. 
Todd C. Plessel. Paul G. Kelaita. R. Kevin 
McCabe, and Al Globus. Research 
Scientists. Sterling Zero One Inc 
This presentation will focus on the Flow 
Analysis Software Toolkit (FAST), a 
software system for visualization and 
analysis of complex fluid flows. FAST is 
extensible and able to handle a wide 
range of problems. It can be adapted 
to new software and hardware 
configurations through modular 
structured programming methods, a 
graphics library standard, and common 
network communication protocols. 


A Full- Parallax Holographic Display for 
Remote Operations 

Helene P. lavecchia. CSC/Analytics Inc.; 
Lloyd Huff. University of Dayton Re- 
search Institute; and Neville I. Marzwell. 
Jet Propulsion Laboratory 
A near-real-time, full-parallax holo- 
graphic display system developed for 
Jet Propulsion Laboratory could provide 
a 3D display for remote handling 
operations in hazardous environments 
on Earth and in Space. 

(Session A5) 

Electronics 

Nonvolatile, High-Density, High- 
Speed, Magnet-Hall Effect Random 
Access Memory 

Jiin-Chuan Wu. Romney R. Katti. and 
Henry L. Stadler. Flight Command and 
Data Management Systems. Jet 
Propulsion Laboratory 
A radiation-hard, nonvolatile random 
access memory cell (MHRAM) with a 
density of 1 Mbit/cm ? and an access 
time of less than 100 nsec is being 
developed using a magnet-Hall effect 
element. Such a memory will have a 
very competitive performance/price 
ratio to replace current commercial 
nonvolatile memory technologies, 
including ROM. EPROM. EEPROM. and 
Flash EEPROM. and will be competitive 
with static RAM for many applications. 

Analog VLSI Neural Network 
Integrated Circuits 

Francis Kub. Head. Microelectronic 
Device Physics Section. Naval Research 
Laboratory 

Using a standard CMOS foundry 
process. Navy researchers have 
fabricated analog VLSI vector-matrix 
multiplier integrated circuit chips that 
perform vector-matrix multiplication 
operations at speeds up to 3 billion 
multiplications per second. Such high- 
speed operations are required for 
artificial neural networks and many 
signal processing applications, includ- 
ing image processing. 

Monolithic Microwave Integrated 
Circuit Water Vapor Radiometer 

LM Sukamto. Spacecraft 
Telecommunications Equipment 
Section. Jet Propulsion Laboratory 
Mr. Sukamto will discuss efforts to design 
and fabricate a 3 1 .4 GHz monolithic 
microwave integrated circuit (MMIC) 
radiometer as one channel of a 
thermally-stable water vapor radio- 
meter (WVR). With improved thermal 
stability and signal accurocy. the WVR 
will have far-ranging commercial 
applications. It can be used, for 
example, in weather pattern prediction, 
calibration of polar-orbiting and 
geostationary satellites, and monitoring 
of aircraft icing conditions. 


A Noncontacting Waveguide 
Backshort for Millimeter and Submilli- 
meter Wave Frequencies 

William R. McGrath. Technical Group 
Leader. Jet Propulsion Laboratory 
A new backshort design employs a 
metallic bar with rectangular or circular 
holes to provide a periodic variation of 
guide impedance. The size, shape, and 
spacing of the holes can be adjusted to 
provide a large reflection of rf power 
over a useful frequency bandwidth. 
Mechanically rugged and easy to 
fabricate for frequencies up to 1000 
GHz. the backshort offers applications in 
radar and communication systems, 
microwave test instruments, and 
remote-sensing radiometers, and will 
help extend waveguide technology into 
the submillimeter wave band. 

(Session A6) 

Materials Science 

Novel Applications for TAZ-8A 

William J. Waters. Sverdrup Technology 
Inc., and Stephen M. Riddlebaugh. 

Lewis Research Center 
Alloy research for jet engine applica- 
tions has produced a commercially 
promising nickel-based alloy called TAZ- 
8A. The alloy’ s unique combination of 
properties includes high temperature 
strength, oxidation resistance, abrasion 
resistance, and exceptional thermal 
shock resistance. Using a plasma vapor 
deposition technique, TAZ-8A can be 
applied as a coating with high 
reflectivity and extreme hardness. 

Test Methods for Determining the 
Suitability of Metal Alloys for Use in 
Oxygen- Enriched Environments 

Joel Stoltzfus. Projects Manager. 

White Sands Test Facility 
Mr. Stoltzfus will describe test methods 
developed by NASA to study the 
ignition and combustion of metal alloys, 
including high- and low-speed particle 
impact tests, frictional heating and 
coefficient-of -friction tests, and the 
promoted combustion test. Test data 
and the resultant rankings of metal 
alloys will be discussed, along with 
licensing opportunities 

A Major Advance in Powder 
Metallurgy 

BE. Williams. J.J. Stiglich. R.B. Kaplan, 
and R.H. Tuffias. Ultramet 
Under SBIR funding from the Army, 
Ultramet has developed a process that 
promises to significantly increase the 
mechanical properties of powder 
metallurgy (PM) parts. Conventional PM 
fabrication processes typically result in 
nonuniform distribution of the matrix, 
flaw generation due to particle-particle 
contact, and grain growth caused by 
high-temperature, long-duration 
compaction processes. In Ultramet s 
process, each particle is coated with 


the matrix material, and compaction is 
performed by solid-state processing, 
improving the part's homogeneity. 

Permanent Magnet Design 
Methodology 

Dr Herbert A. Leupold. Research 
Physicist. US Army Electronics 
Technology and Devices Laboratory 
The high remanences and coercivities 
of rare earth permanent magnets have 
made possible magnet structures of 
unusual form and performance, 
including permanent magnet solenoids, 
cylindrical transverse field sources, and 
high-field permanent magnet field 
sources. Dr. Leupold will describe 
military and commercial applications 
such as MR imagers, traveling wave 
tubes, gyrotrons, free electron lasers. 
Faraday rotators, and ultraviolet/x-ray 
telescopes. 


Concurrent Government- 
Industry Workshops 
4:30 pm — 6:00 pm 


(Presenters to be announced) 

In these highly-interactive sessions, 
federal agencies will brief attendees on 
their present and planned R&D initiatives 
and technology transfer mechanisms, 
spotlighting opportunities for industry to 
work with the government to develop 
and commercialize technology. 
Cooperative Research and Develop- 
ment Agreements. Small Business 
Innovation Research, and patent 
licensing will be discussed. The objective 
of these workshops is to begin a dialog 
that will lead to increased use of 
federally-sponsored technologies by 
industry, and better utilization of private 
sector resources by the government. 
Agencies holding workshops during this 
time period will include: 

• Department of Defense 

• Department of Energy 

• Department of Health and Human 
Services 

• Environmental Protection Agency 

Wednesday, December 4 


Concurrent Technical Sessions 
8:30 am— 10:30 am 


(Session Bl) 

Advanced Manufacturing 

Concentrating Solar Systems: 
Manufacturing with the Sun 

Lawrence M. Murphy, Division Director, 
Bimleshwar P. Gupta. Program Man- 
ager. and Steven G. Hauser. Industry 
Liaison. Solar Energy Research Institute 
Recent advances in concentrating solar 
systems have produced solar flux 
densities in excess of 20.000 suns. 


creating unique process conditions of 
very high temperatures and heating 
rates. These conditions enable applica- 
tions in manufacturing, materials 
processing, surface engineering, and 
toxic waste destruction. 

Ultra-Precision Processes for 
Optics Manufacturing 

William R. Martin. Associate Director. 
Engineering Technology Division. Oak 
Ridge National Laboratory 
The Optics MODIL (Manufacturing 
Operations Development and Integra- 
tion Laboratory) is developing ad- 
vanced manufacturing technologies for 
fabrication of ultra-precision optical 
components, aiming for a ten-fold 
improvement in precision and a 
shortening of the schedule lead time. 
Discussion will focus on diamond single 
point turning, ductile grinding, ion 
milling, and in/on process metrology. 

Integrated Automation for Manufac- 
turing of Electronic Assemblies 

T. Joseph Sampite, CIM Program 
Manager. Naval Ocean Systems Center 
Mr. Sampite will describe how a 
standardized file transfer format 
developed with the National Institute of 
Standards and Technology will be used 
to create generic, open architecture 
computer-aided engineering tools for 
the automatic exchange of data 
between design and manufacturing. 

Air Force Manufacturing Technology 
(MANTECH) Technology Transfer 

Tracy J. Houpt. MTX Program Manager . 
and Margaret M. Ridgely. 

Technology Transfer Center Director. 
Wright Patterson Air Force Base 
This presentation will illustrate the 
techniques and concepts employed in 
Air Force MANTECH 's new comprehen- 
sive. proactive technology transfer 
program, using as an example the 
successful transfer of transmit/receive 
modules to industry. 

(Session B2) 

Electronics 

Gallium Arsenide Quantum-Well- 
Based Far Infrared Array Imaging 
Radiometer 

Kathrine A. Forrest and Murzy D. 
Jhabvala , Electronics Engineers. 
Goddard Space Flight Center 
A new imaging radiometer developed 
for the thermal infrared (8 to 12 microns) 
employs a staring 128 x 128 GaAs 
quantum well detector array for 
stability, uniformity, high yield, and 
radiation-hardness. It is suited for 
thermal imaging in forestry, electronics 
processing, and medicine. Potential 
applications include aerial detection of 
small forest fires and location of hot 
spots in integrated circuits. 


A Video Event Trigger for High- 
Frame-Rate, High-Resolution 
Video Technology 

Glenn L. Williams. Electrical Engineer. 
Lewis Research Center 
Mr. Williams will describe a highly- 
parallel digital state machine that 
generates a trigger signal at the onset 
of a video event. Random access 
memory storage coupled with fuzzy 
comparator logic devices permit 
monitoring a video stream for long- or 
short-term changes caused by spatial 
translation, dilation, or color change. 
Pretrigger and post-trigger storage 
techniques allow researchers to archive 
only significant images, alleviating 
costly data storage problems. 

Camera Orientation of Pan, Tilt, and 
Zoom with No Moving Parts 

Dr. H. Lee Martin, President, and Steven 
D. Zimmermann, Design Engineer. 
TeleRobotics International Inc. 

Under contract to NASA Langley. 
TeleRobotics has developed a remote 
viewing system that provides pan. tilt, 
zoom, and rotational capabilities with 
no moving parts. The system features a 
fisheye lens for complete hemispherical 
field-of-view imaging and high-speed 
image transformation to correct 
peripheral distortion. Applications 
include remote viewing, inspection, and 
surveillance. 

Fiber Optic TV Camera Direct 

John Edward Kassak. Electronics 
Engineer. Kennedy Space Center 
The Kennedy Center is developing a 
multiple color camera system for 
installations where video, synchroniza- 
tion. control camera data, and status 
data are transmitted via a single fiber 
cable at distances exceeding five miles. 
Expected benefits include improved 
video performance, immunity from EMI 
and RFI, and more broadcast flexibility. 

(Session B3) 

Environmental Technology 

Waste Management Technology 
Development and Demonstration 
Programs 

Paul D. Kalb. Research Engineer. 
Brookhaven National Laboratory 
Brookhaven researchers have devel- 
oped two new thermoplastic processes 
for the disposal of hazardous wastes: 
polyethylene encapsulation of nitrate 
salt wastes and modified sulfur cement 
encapsulation of incinerator fly ash 
wastes. Both systems provide significant 
improvements over conventional 
solidification techniques and result in 
durable waste forms that meet regula- 
tory criteria. 




Regulated Bioluminescence as a Tool 
for Bioremediation Process Monitoring 
and Control of Bacterial Cultures 

Robert S. Burlage , Environmental 
Sciences Division. Oak Ridge National 
Laboratory; Armin Heitzer and Philip 
Digrazio. Center for Environmental 
Biotechnology. University of Tennessee 
A new technique for monitoring 
biodegradation in toxic waste sites 
employs bioluminescence in a recombi- 
nant bacterial strain to detect contami- 
nant levels. The process is rapid, often 
completed in minutes, and is sensitive in 
the part-per-billion range. 

Fiber-Optic -Based Biosensor 

Joel M. Schnur. Head. Molecular 
Science and Engineering Center. 

Naval Research Laboratory 
Mr. Schnur will illustrate a new fiber- 
optic-based biosensor for environmen- 
tal monitoring, pollution control, and 
clinical diagnostics. The device 
integrates a novel array of components, 
long fused silica fibers, and proteins for 
detection. 

Ambient Temperature CO 
Oxidation Catalysts 

Billy T. Upchurch. Senior Research 
Scientist. Langley Research Center 
Langley researchers have produced 
ambient temperature oxidation 
catalysts for the recombination of CO 
and CO ? dissociation products formed 
during CO ? laser operation. The 
catalysts allow continuous operation of 
CO ? lasers in a closed-cycle mode, and 
offer applications in other closed 
environments where the removal or 
control of CO is required, such as in 
catalytic converters for control of auto 
emissions. 

(Session B4) 

Materials Science 

High-Temperature Adhesives 

Terry L. St. Clair. Head . 

Polymeric Materials Branch. 

Langley Research Center 
LARC-TPI. a high-temperature linear 
polymer adhesive developed to bond 
titanium, offers application as a hot- 
melt adhesive. Mr. St. Clair will describe 
the chemical structure and physio- 
mechanical properties of LARC-TPI and 
other important new polyimides with 
commercial potential. 

Fluorinated Epoxy Resins with High 
Glass Transition Temperatures 

James R. Griffith. Research Chemist. 
Naval Research Laboratory 
The Navy has developed a new class of 
easily-processed liquid resins with low 
dielectric constants and high glass 
transition temperatures. These materials 
are useful for the manufacture of 
composite electronic boards. 


Polyimides Containing Pendent 
Siloxane Groups 

John W. Connell , Polymer Scientist. 
Langley Research Center 
Incorporation of siloxane units into the 
backbone of aromatic polyimides 
imparts enhanced solubility, lower 
moisture adsorption, lower dielectric 
constant, improved toughness, and 
protection against atomic oxygen 
erosion. Mr. Connell will describe the 
physical and mechanical properties of 
these materials, as well as potential 
electronics and aerospace applica- 
tions. 

Corrosion-Protective Coatings from 
Electrically-Conducting Polymers 

Karen Thompson. Kennedy Space 
Center; Brian Benicewlcz and Debra 
Wrobleski. Los Alamos National 
Laboratory 

Researchers are investigating the use of 
processible conductive organic 
polymers as corrosion-protective 
coatings on metal surfaces. Recent 
tests in saline and acidic oxidizing 
environments have demonstrated 
greatly improved corrosion resistance of 
mild steel with these coatings as 
compared to steel coated solely with 
epoxy. 

(Session B5) 

Medical Advances: 

Computers in Medicine 

Computation of Incompressible 
Viscous Flows through Artificial 
Heart Devices 

Stuart Rogers and Dochan Kwak. 
Research Scientists. Ames Research 
Center 

Ames researchers are applying compu- 
tational fluid dynamics (CFD) techniques 
to simulate the blood flow through 
artificial hearts. Computer modeling will 
help pinpoint regions subject to clotting 
and lead to safer, more durable 
mechanical hearts and valves. 

Computer Interfaces for the 
Visually Impaired 

Gerry Higgins. Computer Systems 
Engineer. Marshall Space Flight Center 
Mr. Higgins will address current research 
efforts to provide computer technology 
for people with vision-related handi- 
caps. One such effort, the Mercator 
Project, looks to create a prototype 
system for audible access to graphics- 
based interfaces. 

Extended Attention Span Training 
System 

Dr. Alan Pope. Leader. Human 
Engineering Methods Group. 

Langley Research Center 
A biocybernetic system developed to 
assess the degree to which automated 
flight management systems maintain 


pilot engagement is being adapted for 
treatment of youngsters with attention 
disorders The Extended Attention Span 
Training (EAST) system increases the 
difficulty of a video game as the 
player's brain waves indicate attention 
is waning. The player can only succeed 
at the game by maintaining an 
adequate attention level. 

Man/Machine Interaction Dynamics 
and Performance Analysis Capability 

Harold P. Frisch. Head. Robotic Applied 
Research. Goddard Space Flight Center 
As part of its flight telerobotics program. 
NASA is developing the ability to study 
the consequences of machine design 
alternatives as they relate to machine 
and machine operator performance. 
This capability will have far-reaching 
medical applications, such as enabling 
orthopedic surgeons to study the 
consequences of surgical options from 
the perspective of post-operative 
human performance predictions. 

(Session B6) 

Software Engineering 

Hybrid Automated Reliability Predictor 
Integrated Workstation (HiREL) 

Salvatore J. Bavuso. Aerospace 
Technologist. Langley Research Center 
The HiREL system marks a major step 
toward producing a totally integrated 
CAD workstation design capability. 

HiREL uses a graphical input description 
language to increase productivity and 
reduce error. It enables reliability 
engineers to quickly analyze huge 
amounts of reliability /availability data 
to observe trends due to exploratory 
design changes. 

Using Ada and the Rapid 
Development Lifecycle 

Uoyd DeForrest . Technical Group 
Supervisor. Jet Propulsion Laboratory 
Under contract to the US Army. JPL is 
developing a multifaceted computer- 
ized command center using an 
accelerated software development 
approach called the Rapid Develop- 
ment Lifecycle. Through the use of Ada 
and the X-Window/Motif Graphical User 
Interface, software developed under 
this program can be reused in similar 
projects requiring non-computer-literate 
users with little or no training to operate 
advanced command center tools and 
applications. 

Advances in Knowledge- Based 
Software Engineering 

Walt Truszkowski. Head. Automation 
Technology Section. Goddard Space 
Flight Center 

The Knowledge-Based Software 
Engineering Environment (KBSEE) is 
designed to demonstrate that a 
rigorous and comprehensive software 


reuse methodology can enable more 
efficient utilization of resources in the 
development of large-scale software 
systems. Designed for use by both 
government and industry. KBSEE could 
aid in improving the reliability of future 
software systems. 

Reducing the Complexity of 
Software Development through 
Object-Oriented Design 

Mary Pat Schuler. Aerospace Technolo- 
gist. Langley Research Center 
Ms. Schuler will illustrate how Object- 
Oriented Design (OOD). coupled with 
formalized documentation and tailored 
object diagramming techniques, can 
simplify the software design process. The 
OOD methodology uses a hierarchical 
decomposition approach in which 
parent objects are decomposed into 
layers of lower-level child objects, with 
the relationships between design layers 
represented pictorially. This approach 
makes the resulting code more por- 
table, reusable, and maintainable. 


Concurrent Technical Sessions 
1 :00 pm— 3:00 pm 


(Session Cl) 

Data and Information 
Management 

Techniques for Efficient Data Storage, 
Access, and Transfer 

Robert F. Rice , Jet Propulsion 
Laboratory, and Warner Miller, 

Goddard Space Flight Center 
Advanced techniques for efficient data 
representation have been placed in 
practical hardware and software form 
though the joint effort of three NASA 
centers. The techniques, which involve 
the use of high-speed coding and 
decoding modules as well as machine- 
transferable software routines, adapt to 
local statistical variations to continually 
provide optimum code efficiency when 
representing data without error. 

A Vector-Product Information 
Retrieval System Adapted to 
Heterogeneous, Distributed 
Computing Environments 

Dr. Mark E. Rorvig, Library Scientist, 
Johnson Space Center 
The Automated Online Library Manage- 
ment System (AutoLib) provides a 
ranked list of the most likely relevant 
objects in collections, in response to a 
natural language query. AutoLib is 
constructed with standards and tools 
such as UNIX and X- Windows, which 
permit its use in organizations that have 
many different hosts, workstations, and 
platforms. Applications include 
information-intensive corporate 
management environments, such as 
finance, manufacturing, and biotech- 
nology. 


AutoClass: An Automatic 
Classification System 

Peter Cheeseman, Research Scientist, 
Ames Research Center 
A useful tool for exploratory data 
analysis. AutoClass enumerates and 
describes the natural classes in a data 
set. The program automatically 
determines the optimal number of 
classes. 

Silvabase: A Flexible Data File 
Management System 

Steven J. Lambing. Marshall Space 
Flight Center, and Steven T. Harris. 
Boeing Computer Support Services 
Developed for mission planning at the 
Marshall Center, Silvabase enables 
efficient forward and backward 
sequential reads, random searches, 
and appends to large amounts of data. 
The system, designed to run on VAX/ 
VMS computers, has unique features 
applicable to management of data 
involving time histories and intervals 
such as in operations research. 

(Session C2) 

Electro-Optics 

Nonlinear Optical Polymers for 
Electro-Optic Signal Processing 

Geoffrey A. Lindsay, Polymer Science 
Branch Head. Naval Weapons Center 
Mr. Lindsay will discuss several new 
classes of nonlinear optical polymers for 
use in optical signal processing 
(photonics). These materials offer large 
electro-optics figures of merit, high 
temperature performance, ease of 
processing into films and fibers, rugged- 
ness, and low cost. They can be applied 
in electro-optic switches, optical 
frequency doublers, sensors, spatial light 
modulators, and optical data storage 
systems. 

High-Resolution Optical Data Storage 
on Polymers 

C.M. Roland . Supervisory Chemist, 

Naval Research Laboratory 
A new thermal method for lithography 
on amorphous polymer films yields 
remarkably high resolution images with 
excellent edge acuity. Images imparted 
to the films can be made electrically 
conductive via a single-step process, 
without using extraneous reagents. 

Laser Discrimination by Stimulated 
Emission of a Phosphor 

Dr. V.K. Mathur. Research Physicist , 
Naval Surface Warfare Center 
Dr. Mathur will describe a new method 
for discriminating near infrared and far 
infrared laser light sources, based on the 
use of a magnesium sulfide phosphor 
which is thermally/optically stimulated 
to generate a color correlatable to the 
incident laser radiation. The technology 
offers potential for discrimination 
between even smaller bandwidths 


within the infrared spectrum — a possible 
aid to communication or wavemixing 
devices that need to rapidly identify 
and process optical signals. 

Pulsed Laser Prelasing 
Detection Circuit 

George Eugene Lockard, Engineering 
Technician. Langley Research Center 
Langley researchers have developed a 
circuit to detect prelasing — the prema- 
ture leakage of energy from a laser 
rod — in pulsed laser systems. The circuit, 
which is small, economical, and easily 
incorporated into virtually any pulsed 
laser system, shuts off the laser before 
the prelasing energy can cause costly 
optical damage. 

(Session C3) 

Life Sciences 

Application of CELSS Technology to 
Controlled Environment Agriculture 

Dr. Maynard E Bates. Bionetics 
Corporation, and Dr. David L 
Bubenheim, Ames Research Center 
Controlled Ecological Life Support 
Systems (CELSS) expand the concept of 
Controlled Environment Agriculture 
(CEA) — the use of environment manipu- 
lation for the commercial production of 
organisms— to create miniature 
ecosystems in which food, oxygen, and 
water in closed habitats are provided 
by regeneration of waste streams 
through systems containing microorgan- 
isms, plants, and animals. The develop- 
ment of CELSS will provide information 
needed to improve the efficiency, 
reliability, and cost-effectiveness of 
CEA, while reducing its environmental 
impact to negligible levels. 

Advanced Forms of Spectrometry for 
Space and Commercial Application 

Dr. Kenneth J. Schlager, Chief Technical 
Officer, Biotronics Technologies Inc. 
Biotronics has discovered wide com- 
mercial application for two spectromet- 
ric technologies developed under the 
Kennedy Space Center's sponsorship. 
Ultraviolet absorption spectrometry, 
originally investigated for on-line 
measurement of hydroponic plant 
nutrient solutions, is finding utility in a 
new line of ultraviolet process analyzers 
for the water treatment market. A 
second technology, liquid atomic 
emission spectrometry, holds even 
greater commercial promise, represent- 
ing the first application of atomic 
emission to direct on-line measurements 
of liquids. 

Ion-Selective Electrode for Ionic 
Calcium Measurements 

John W. Hines and Sara Arnaud. 
Research Scientists, Ames Research 
Center 

NASA has developed a coated wire ion- 
selective electrode that noninvasively 




measures ionic calcium. It can be used 
to monitor bone calcium changes 
during extended exposure to 
microgravity or during prolonged 
hospital or fracture immobilization, and 
to conduct osteoporosis research. 

A 99% Purity Molecular Sieve 
Oxygen Generator 

Major George W. Miller . Research 
Chemical Engineer, Air Force Systems 
Command 

A molecular sieve oxygen generator 
employing a new pressure swing 
adsorption process produces oxygen 
concentrations of up to 99.7% directly 
from air. exceeding the present oxygen 
purity limitations of 93-95%. The device 
may find use in aircraft and medical 
breathing systems, and industrial air 
separation systems. 

(Session C4) 

Materials Science 

Advanced Composite Materials 
and Processes 

Robert M. Baucom. Group Leader, 
Composite Materials. Langley 
Research Center 

Mr. Baucom will report on techniques for 
combining high-performance graphite 
fibers and resin matrix systems into 
composite prepregs. innovative tooling 
concepts, and fabrication procedures 
for complex structures. The plastics and 
aerospace industries could benefit 
greatly by adopting these materials 
and processing procedures. 

RTM: Cost-Effective Processing of 
Composite Structures 

Greg Hasko and H. Benson Dexter . 
Materials Research Engineers, 

Langley Research Center 
Resin transfer molding (RTM). a method 
of making high-strength, lightweight 
composite structures, is used extensively 
in the automotive, recreation, and 
aerospace industries. The presenters will 
compare the material requirements of 
various industries, methods of orienting 
and distributing fibers, mold configura- 
tions. and processing and material 
parameters such as resin viscosity, 
preform compaction, and permeability. 

A Low-Cost Method of Testing 
Compression-After-Impact Strength of 
Composite Laminates 

Alan Nettles. Marshall Space Flight 
Center 

Marshall researchers have developed a 
new method to test the compression 
strength of composite laminate 
specimens as thin as .04 inches and up 
to 3 inches wide. This method is easier 
and less costly than the current com- 
pression-after-impact standard, and 
yields more meaningful results. 


Resonant Acoustic Determination of 
Complex Elastic Moduli 

Steven L. Garrett, Professor of Physics, 
and David A. Brown. Electronics 
Engineer . Naval Postgraduate School 
The presenters will describe a new 
technique for measuring and tracking 
the complex shear and Young's moduli 
of nonmagnetic samples using the 
resonance frequency of an 
unconstrained bar sample. The same 
inexpensive electrodynamic transducers 
are used to excite and detect the 
sample's longitudinal, flexural, and 
torsional resonances. Sample data for 
composites, metals, plastics, and 
viscoelastic materials will be presented. 

(Session C5) 

Robotics 

A Unique Cable Robot for Space 
and Earth 

James Ketley . Design Engineer. 

Goddard Space Flight Center 
A novel cable robot bends like a worm, 
moving up and down, back and forth, 
and even upside down. With magnets 
on its feet, the robot can climb or 
adhere to tall structures. It can be used 
to clean or paint towers, tanks, bridges, 
and ships, and, with an attached video 
camera, to inspect structures for 
damage or rust. 

A Lightweight, High-Strength 
Dexterous Manipulator Arm 

Neville I. Marzwell. Jet Propulsion 
Laboratory; Bruce M. Schena and Steve 
M. Cohan. Odetics Inc. 

The presenters will describe the design 
and features of a lightweight, high- 
strength. modular manipulator arm 
developed for space and commercial 
applications. Fully operational in 1 g. 
the arm has seven degrees of freedom, 
a reach of 55 inches, and can lift 50 
pounds Bilateral teleoperator control 
can be added to the current robotically 
operated system. 

Real-Time, Interactive Simulator 
System for Telepresence 

Neville I. Marzwell. Jet Propulsion 
Laboratory; A H. Chiu . P.G. Gottschalk. 
F.S. Schebor, and J.L. Turney. KMS Fusion 
Inc. 

The Global-Local Environment 
Telerobotics Simulator (GLETS) immerses 
an operator in a real-time, interactive, 
visually-updated simulation of the 
remote telerobotic site. Stereo graphics 
are shown on a computer screen and 
fused together by the operator's special 
glasses to form stereoscopic views of 
the simulated world. The operator, 
interacting with the GLETS through voice 
and gesture commands, can form a 
gestalt of the virtual * local site' that 
matches his/her normal interactions with 
the real remote site. 


A Hazard Control System for 
Robot Manipulators 

Ruth Chaing Carter . FTS System Safety 
Manager, Goddard Space Flight Center 
Ms. Carter will review system safety 
management and engineering 
techniques developed for telerobotic 
operations in space, focusing on a 
precise hazard control system for test 
flight of NASA's Flight Telerobotic 
Servicer. The same software monitoring 
and control approach could ensure the 
safe operation of a slave manipulator 
under teleoperated or autonomous 
control in undersea, nuclear, or 
manufacturing applications. 

(Session C6) 

Test and Measurement 

Knowledge- Based Autonomous 
Test Engineer (KATE) 

Dr. Carrie Belton and Barbara Brown . 
Computer Engineers. Kennedy Space 
Center 

Developed for ground launch opera- 
tions at the Kennedy Center. KATE 
employs concepts of sensor-based and 
model-driven monitoring and fault- 
location. and performs control and 
redundancy management of process 
control systems. KATE is designed as a 
generic, model-based expert system 
shell for autonomous control, monitor- 
ing, fault recognition, and diagnostics in 
the electrical, mechanical, and fluid 
system domains. 

Advanced Computed Tomography 
Inspection System (ACTIS) 

Lisa H. Hediger , Materials Engineer . 
Marshall Space Flight Center 
ACTIS. developed at the Marshall 
Center to support its solid propulsion test 
programs, is being applied to inspection 
problems in the aerospace, lumber, 
automotive, and nuclear waste disposal 
industries. Ms. Hediger will discuss the 
unique capabilities of ACTIS and 
present a broad overview of computed 
tomography technology 

High- Resolution Ultrasonic 
Spectroscopy System for 
Nondestructive Evaluation 

Dr. C.H. Chen , Information Research 
Laboratory Inc. 

Under SBIR funding from the Army. IRL 
researchers are developing a high- 
resolution ultrasonic inspection system 
supported by modern signal processing, 
pattern recognition, and neural network 
technologies. This presentation will 
review the details of the system and its 
software package. 

Force Limited Vibration Testing 

Terry D. Scharton. Jet Propulsion 
Laboratory 

An improved method of controlling 
vibration tests used to verify equipment 
design and manufacturing workman- 


ship closely simulates field conditions. 
Offering commercial application 
throughout the aerospace, electronics, 
and automotive industries, the new test 
method eliminates costly failures 
associated with overtesting in the 
laboratory. 


Concurrent Government- 
Industry Workshops 
4:30 pm — 6:00 pm 


(Presenters to be announced) 
Agencies holding workshops during this 
period will include: 

• Department of Energy 

• Department of Veterans Affairs 

• Environmental Protection Agency 

• National Aeronautics and Space 
Administration 


Thursday, December 5 


Concurrent Technical Sessions 
8:30 am — 10:30 am 


(Session Dl) 

Advanced Manufacturing 

Development of a Rotary Joint Fluid 
Coupling for Space Station Freedom 

John A. Costulis . Technical Project 
Engineer, Langley Research Center 
Langley researchers have developed 
and tested a 360-degree rotary joint 
fluid coupling for the Freedom station's 
thermal control system. The mechanism 
can be applied commercially to 
transfer fluid across rotating interfaces, 
such as in gun turrets, coal slurries, and 
farming machinery. 

Spline Screw Comprehensive 
Fastening Strategy 

John M. Vranish, Electronics Engineer, 
Goddard Space Flight Center 
A fastener developed for assembly, 
maintenance, and equipment replace- 
ment operations in space also has 
down-to-Earth manufacturing applica- 
tions. Use of the “spline screw" fastener 
in prime subassemblies would enable 
machines to disconnect and replace 
parts with ease, reducing product life 
cycle costs and enhancing the quality, 
timeliness, and consistency of repairs 
and upgrades. 

Commercial Application of an 
Innovative Nut Design 

Jay Wright. Materials Research Engineer. 
Johnson Space Center 
A nut developed for space station use 
allows a fastener to be inserted or 
removed from either side by simply 
sliding the fastener in or out of the nut. 
Detentes on either face of the nut 
ensure positive engagement of the 


threads. The nut has applications 
wherever a fastener needs to be taken 
on and off quickly or used on a 
threaded part which could become so 
damaged that a conventional nut 
could not be removed. 

Inflatable Traversing Probe Seal 

Paul A. Trimarchi. Mechanical Engineer. 
Lewis Research Center 
Mr. Trimarchi will describe an inflatable 
seal that acts as a pressure-tight zipper 
to provide traversing capability for 
instrumentation rakes and probes. The 
seal can replace sliding face-plate/O- 
ring systems in applications where 
lengthwise space is limited. 

(Session D2) 

Artificial Intelligence 

CLIPS: An Expert System Building Tool 

Gary Riley . Computer Engineer, 

Software Technology Branch. Johnson 
Space Center 

The C Language Integrated Production 
System (CLIPS) provides a complete 
environment for the development and 
delivery of rule- and/or object-based 
expert systems. CLIPS offers a low-cost 
option for developing and deploying 
expert system applications across a 
wide range of hardware platforms. 

Fuzzy Logic Applications to Expert 
Systems and Control 

Dr. Robert N. Lea. Aerospace Engineer, 
Johnson Space Center 
Commercial use of fuzzy technology in 
Japan and China indicate that it should 
be exploited by government and 
private industry to save energy and 
reduce human involvement in industrial 
processes. Johnson Center researchers 
have applied fuzzy logic in guidance 
control systems for space vehicles, 
control of data processing during 
rendezvous navigation, collision 
avoidance algorithms, and camera 
tracking controllers. The technology 
may also find use in diagnostic systems, 
control of robotic arms, pattern 
recognition, and image processing. 

Neural Network Technologies 

James A. Villarreal, Computer Engineer. 
Johnson Space Center 
Mr. Villarreal will describe the Neural 
Execution and Training System (NETS), a 
software tool designed to facilitate and 
expedite the use of neural network 
technology in industry, government, 
and academia. Neural networks have 
been successfully applied to modeling 
and data fusion problems, robotics, 
structural design, speech synthesis, 
financial forecasting, spectrographic 
analysis, and many other areas. This 
presentation will highlight various 
commercial projects under develop- 
ment with NETS. 


From Biological Neural Networks to 
Thinking Machines 

Dr. Muriel D. Ross , Research Scientist. 
Ames Research Center 
Dr. Ross is studying the three-dimen- 
sional organization of a simple biologi- 
cal neural network found in inner ear 
organs of balance to uncover basic 
principles of neural organization and 
function. This effort will result in new 
applications of biological attributes to 
artificial systems, and could lead to the 
development of highly-intelligent 
parallel-processing computers. 

(Session D3) 

Biotechnology 

The Microassay on a Card— A 
Rugged, Portable Immunoassay 

Dr. David Kidwell. Research Scientist. 
Naval Research Laboratory 
The Microassay on a Card (MAC), a 
portable, handheld immunoassay, can 
test for a wide variety of substances in 
the environment. Intended for use as an 
on-site screen for drugs of abuse in urine 
or saliva, the MAC may also be applied 
to test for intoxication, to identify seized 
materials, and to test for environmental 
pollutants. 

Flow Immunosensor for Drug Detection 

Joel M. Schnur, Head. Molecular 
Science and Engineering Center, Naval 
Research Laboratory 
Dr. Schnur will describe an antibody- 
based sensor designed to detect drugs 
of abuse. The biosensor is faster, less 
expensive, and as sensitive as any 
current method for cocaine detection. 

It can be operated outside the labora- 
tory by personnel with no scientific 
training. Opportunities exist for Coop- 
erative Research and Development 
Agreements. 

Nucleic Acid Probes in Diagnostic 
Medicine 

Phillip A. O' Berry. National Technology 
Transfer Coordinator for Animal Science. 
US Department of Agriculture 
Mr. O' Berry will discuss the application 
of nucleic acid probe technology to the 
diagnosis of disease in humans and 
animals, and will present examples of 
commercially-promising probes. 

The Rotating Spectrometer: New 
Biotechnology for Cell Separations 

David A. Noever. Universities Space 
Research Association, and Helen C. 
Matsos. Marshall Space Flight Center 
A new rotating spectrometer, able to 
separate previously inseparable cell 
cultures, is intended for use in pharma- 
cological studies requiring fractional 
splitting of heterogeneous cell cultures 
based on cell morphology and 
swimming behavior. Unlike standard 
separation and concentrating tech- 
niques such as filtration or centrifuga- 





tion. the instrument can separate motile 
from immotile fractions. 

(Session D4) 

Electronics 

Method for Producing High-Quality 
Oxide Films on Surfaces 

Mark W. Ruckmon. Associate Physicist . 
Brookhoven National Laboratory 
Mr. Ruckman will describe a new 
method for the reactive deposition of 
metal oxide and other inorganic 
compound thin films for use in micro- 
electronic devices fabricated on 
compound semiconductors and high- 
temperature superconducting oxides. 
The technology can be integrated with 
ion, electron, or photon beam methods 
used to accelerate or selectively 
promote deposition and etching. 

Advanced Silicon on Insulator 
Technology 

Francis J. Kub. Senior Research Engineer, 
and David J . Godbey. Research 
Chemist. Naval Research Laboratory 
Navy researchers have developed 
bonding, thinning, and selective etching 
techniques for producing ultra-thin 
silicon on insulator materials. These 
techniques can be used to fabricate 
silicon membranes, bolometers, and 
other devices requiring free-standing 
thin-film silicon. Other applications 
include high-voltage/high-temperature 
power devices, backside-illuminated 
thinned CCD imagers, and x-ray masks. 

High-Temperature Superconducting 
Stripline Filter 

J.J. Bautista. Technical Group 
Supervisor. Jet Propulsion Laboratory 
Mr. Bautista will describe the fabrication 
of a five-pole interdigital stripline filter 
made of the 93K superconductor 
Y,Ba ? Cu 30 v coated on a silver substrate. 
The filter features a center frequency of 
8.5 GHz and an extremely high rejection 
ratio of 80 dB. 

An Adjustable rf Tuning Element for 
Microwave, Millimeter Wave, and 
Submillimeter Wave Circuits 

William R. McGrath. Technical Group 
Leader. Jet Propulsion Laboratory; 

Victor Lubecke and David B. Rutledge. 
Dept, of Electrical Engineering. 

Californio Institute of Technology 
The presenters have developed an 
adjustable rf tuning element consisting 
of a series of thin plates that can slide in 
unison along a coplanar strip transmis- 
sion line to allow active tuning. The 
structure can be fabricated for frequen- 
cies as high as 1000 GHz using existing 
micromachining techniques. By easing 
constraints on circuit design, it will aid in 
extending microwave integrated circuit 
technology into the high millimeter 
wave and submillimeter wave bands 


(Session D5) 

Materials Science 

Passive Chlorophyll Detector 

Leonard A. Haslim. Research Scientist. 
Ames Research Center 
Using a low-cost, uniquely-dyed optical 
filter plastic sheet, the Passive Chloro- 
phyll Detector enhances the visual 
discrimination of vegetation and trees in 
varying states of health. The invention's 
far-reaching applications include 
enabling farmers to identify and nurse 
or replant unhealthy sections of their 
fields to achieve higher crop yields, and 
serving as an early warning device for 
environmental scientists monitoring the 
health of forests and wetlands exposed 
to acid rain or contaminated ground- 
water. 

Commercial Application of Thermal 
Protection System Technology 

Gordon L Dyer. Technology Transfer 
Officer. Martin Marietta Manned 
Space Systems 

Thermal protection system materials 
and processes developed for the space 
shuttle's external tank have been 
reapplied in a new type of children's 
lunch box — a microwavable urethane 
foam insulation container that keeps a 
prepackaged meal warm for four to 
five hours. Two major food manufactur- 
ers are currently considering licensing 
the high-tech foam container. 

Oxynitride Glass Fibers 

Donald R. Messier. Research Ceramic 
Engineer. Materials Technology Labora- 
tory. US Army Laboratory Command 
Oxynitride glasses offer exciting 
opportunities for making high-modulus, 
high-strength glass fibers. Mr. Messier will 
describe processes for fabricating 
oxynitride glasses and fibers in composi- 
tions similar to commercial oxide 
glasses, but with significantly enhanced 
properties. 

Commercial Applications of 
Advanced Photovoltaic Technologies 

R.D. McConnell. Technology Transfer 
Manager. Solar Energy Research 
Institute 

Mr. McConnell will describe research 
into high-tech photovoltaic materials 
including lll-V, II- VI. amorphous silicon, 
and crystalline silicon, and will highlight 
possible spinoff applications such as 
optoelectronics and space power 
systems. 

(Session D6) 

Software Engineering 

Software Reengineering 

Ernest M. Fridge. Deputy Chief. Software 
Technology Branch . Johnson Space 
Center 

During space shuttle development. 
Johnson Center engineers created a set 


of tools to develop and maintain 
FORTRAN and C code. This tool set forms 
the basis for an integrated environment 
to reengineer existing code into modern 
software engineering structures which 
are easier and less costly to maintain 
and which allow straightforward 
translation into other target languages. 

COSTMODL: An Automated Software 
Development Cost Estimation Tool 

George B. Roush. Software Engineer. 
Johnson Space Center 

One of the most widely used software 
cost estimation tools. COSTMODL can 
help reduce the risk of cost overruns 
and failed projects. COSTMODL has an 
intuitive user interface and extensive on- 
line help system, and can be custom- 
ized to a particular user environment It 
can be used for in-house cost manage- 
ment, cost analysis consulting, or for 
research. 

Increasing Productivity through Total 
Reuse Management 

Mary Pat Schuler. Aerospace Technolo- 
gist. Langley Research Center 
NASA Langley is promoting total reuse 
management (TRM) as a way to lower 
software development costs, reduce 
risk, and increase code reliability. Ms. 
Schuler will describe methods used to 
adopt TRM. and will discuss the reuse of 
products from all phases of the software 
life cycle. 

How Hypermedia Can Increase 
the Productivity of Software 
Development Teams 

L. Stephen Coles. Group Chief Tech- 
nologist. Institutional Data Systems. 

Jet Propulsion Laboratory 
Mr. Coles will describe how the produc- 
tivity of software developers can be 
dramatically improved through the use 
of hypermedia, the seamless integration 
of disparate data structures— including 
text, graphics, animation, voice, and 
full-motion video — in a graphical user 
interface. The presentation will cover 
basic machine architecture, special- 
purpose video boards, video equip- 
ment. optical memory, software for 
animation, voice I/O. and networking 
and integration issues. 


Concurrent Technical Sessions 
1 00 pm— 3:00 pm 


(Session El) 

Advanced Manufacturing 

Intelligent Robotic System with 
Dual -Arm Dexterous Coordination 
and Real-Time Vision 

Neville I. Marzwell. Jet Propulsion 
Laboratory, and Alexander Chen. 
Scientific Research Associates 
The presenters will demonstrate a 
prototype robot with built-in intelli- 




gence It features 18 degrees of 
freedom, comprised of two articulated 
arms, a movable robot head, two CCD 
cameras for producing stereoscopic 
views, an articulated cylindrical lower 
body, and an optional mobile base. 

The robotic system addresses a broad 
spectrum of manufacturing demands, 
including both complex and labor- 
intensive jobs. 

Neural Network Software for 
Distortion -Invariant Object Recognition 

Max B. Reid and Lilly Spirkovska . 
Research Scientists . Ames Research 
Center 

Ames has created neural network 
software that performs the complete 
feature extraction/pattern classification 
paradigm required for automatic 
pattern recognition. The software is 
being used in an autonomous robotic 
vision system which could have 
extensive application in robotic 
manufacturing. 

Constraint-Based Scheduling 

Monte Zweben. Assistant Chief, Artificial 
Intelligence Research Branch, Ames 
Research Center 

Mr. Zweben will describe the Space 
Shuttle Ground Processing Scheduling 
system, which uses artificial intelligence 
search methods to solve large-scale 
scheduling problems. The system can 
be applied to a variety of scheduling 
problems. In the manufacturing 
domain, it can help to minimize set-up 
time or tardiness. 

COMPASS: A General-Purpose 
Computer-Aided Scheduling Tool 

Dr. Barry R. Fox, Project Leader, 
McDonnell Douglas Space Services Co; 
and Christopher Culbert. Technical 
Monitor, Software Technology Branch, 
Johnson Space Center 
COMPASS is an powerful, interactive 
planning and scheduling system with a 
mouse-driven, X- Windows user interface. 
It can be used to manage activities 
subject to timing constraints, ordering 
constraints. Boolean conditions, and 
resource availability, and to manage a 
wide range of resources including tools, 
electricity, and water. 

(Session E2) 

Data and Information 
Management 

ELAS: Powerful General-Purpose Image 
Processing Software 

David Walters. Electronics Engineer. 
Information Systems Division. Stennis 
Space Center 

Originally developed to process 
Landsat images, the ELAS software 
package has evolved to handle a vast 
range of data types including MRI, soil 
maps, topographic and rainfall data, 
and sonar images. Mr. Walters will 


describe applications in such fields as 
agriculture, forestry, and geology, and 
will highlight important new enhance- 
ments to the software. 

TAE Plus: A NASA Tool for Building and 
Managing Graphical User Interfaces 

Martha R. Szczur. TAE Project Manager. 
Goddard Space Flight Center 
Transportable Applications Environment 
Plus is a WYSIWYG tool for designing, 
building, and tailoring an application's 
graphical user interface. Its main 
component is the WorkBench. which 
allows the application developer (who 
need not be a programmer) to 
interactively construct an application 
screen's layout and manipulate 
graphical objects such as menus, 
buttons, icons, and dials. TAE Plus is used 
in such disciplines as image processing, 
simulation, network management, real- 
time command and control, database 
management, and office automation. 

Instrumentation, Performance 
Visualization, and Debugging Tools 
for Multiprocessors 

Jerry C. Yan and Charles E. Fineman. 
Sterling Federal Systems; Philip J. 
Hontalas. Ames Research Center 
As part of a major effort to advance 
multiprocessor parallel computing 
performance, NASA Ames is developing 
techniques to efficiently monitor and 
visualize parallel program execution. 
Such techniques will help simplify the 
debugging and tuning of parallel 
programs. The presenters will describe 
various prototype software tools and 
their incorporation into the run-time 
environments of hardware testbeds. 

The Data Egg: One-Handed Text Entry 
Without Positional Constraints 

Gary L. Friedman. Technical Group 
Leader. Jet Propulsion Laboratory 
JPL researchers have devised a small, 
handheld unit that allows text entry with 
only one hand. Dubbed the Data Egg. it 
can be operated in any position, either 
autonomously or tethered to a personal 
computer. This invention will benefit the 
handicapped and those normally 
barred from using a computer on the 
job, such as astronauts and journalists. 

(Session E3) 

Electronics 

Thermoacoustic Refrigeration 

Steven L. Garrett and Thomas Hofler . 
Naval Postgraduate School 
The presenters will demonstrate the first 
practical, autonomous thermoacoustic 
refrigerator, which employs high- 
amplitude sound in inert gas to pump 
heat. Scheduled for flight on the space 
shuttle, the acoustically-resonant 
refrigerator has only one moving part, 
no sliding seals, and uses inexpensive 
components. Since thermoacoustic 
refrigerators use no CFCs and have 


coefficients of performance compa- 
rable with vapor compression cycle 
refrigerators, they are good candidates 
for food refrigeration and commercial/ 
residential air conditioning applications. 

Ambient Temperature Recorder 

Larry D. Russell. Electronics Engineer. 
Ames Research Center 
The ATR-4 ambient temperature 
recorder is a small battery-powered 
device that records 32 kilobytes of 
temperature data from four channels, 
over a range of -40° to +60°C at 
sampling intervals from 1 .88 to 15 
minutes. Data is stored in its internal 
memory for subsequent readout by a 
personal computer. Developed for use 
on the space shuttle, the ATR-4 can 
answer a variety of needs for a small, 
remote, unattended temperature 
recorder, such as in transportation of 
perishables and recording life system or 
process temperatures over time. 

Fiber-Optic Push-Pull Sensor Systems 

Steven L. Garrett and David A. Brown, 
Naval Postgraduate School 
The Navy has created fiber optic “ push- 
pull" sensors that greatly enhance the 
optical fiber's response to the 
measurand of interest while providing 
common-mode rejection of spurious 
environmental effects such as pressure 
or temperature changes. The presenters 
will describe several new fiber optic, 
interferometric accelerometers and 
acoustic pressure sensors which 
generate such large optical phase 
modulations that their signals can be 
demodulated with inexpensive lasers 
similar to those used in CD players. 

Commercial Capaciflector 

John M. Vranish. Electronics Engineer . 
Goddard Space Flight Center 
Goddard researchers are developing a 
capacitative proximity /tactile sensor 
with unique performance capabilities 
for use on space robots and payloads. 
The simple, robust sensor will enable 
robots to avoid collisions with humans in 
orbit and to dock payloads in a 
cluttered environment. Mr. Vranish will 
report on NASA's efforts to "spin" this 
technology off into the private sector. 

(Session E4) 

Environmental Technology 

Wafer Quality Monitor 

Warren C. Kelliher , Langley Research 
Center 

A portable x-ray fluorescence spec- 
trometer developed for the Viking 
mission to Mars has been adapted for 
terrestrial use. Called EMPAX (Environ- 
ment Monitoring with Portable Analysis 
of X-ray), the unit answers a critical 
need for on-site, real-time analysis of 
toxic metal contamination. The 
government is seeking a commercial 
manufacturer for EMPAX. 


Remote Semi -Continuous Flowrate 
Logging Seepage Meter 

William M Reay. Virginia Polytechnic 
Institute and State University . and Horry 
Walthall. Langley Research Center 
The presenters have created a remote 
semi-continuous flowrate logging 
seepage meter that enables direct 
assessment of ground water discharge 
and associated solute fluxes. It is 
designed to replace current manually- 
operated meters 

Calcification Prevention Tablets 

G.A Lindsay. Naval Weapons Center 
The subject invention is a slow-release 
tablet for preventing or removing 
calcium crust and build-up in pipes and 
containers that process hard water and 
other calcium-containing fluids 
Extremely effective in sea water, the 
tablet is biodegradable and nontoxic. It 
can be used in urinals, commodes, 
drain., and holding tanks. 

Automated Carbon Dioxide 
Cleaning System 

David J. Hoppe. Marshall Space Flight 
Center 

An environmentally-safe cleaning 
system jointly developed by NASA, the 
Air Force, and Martin Marietta uses 
solidified carbon dioxide pellets to blast 
the surface to be cleaned. The process 
can be automated using a program- 
mable robot. Results from cleaning a 
variety of substrate materials has shown 
the system to be capable of reducing 
the amount of chlorofluorocarbon- 
based cleaning fluids and in some 
cases totally eliminating their use. 

(Session E5) 

Materials Science 

Applications of Biologically -Derived 
Microstructures 

Joel M. Schnur. Head. Molecular 
Science and Engineering Center. 

Naval Research Laboratory 
Navy scientists have fabricated hollow 
0.5 micron diameter cylindrical-shaped 
microstructures using modified lipids 
and the self-assembly provided by 
nature. Potential applications for the 
microstructures include controlled 
release of biocide for antifouling paint, 
composites for electronic and magnetic 
uses, and high-power microwave 
cathodes. 


Structural Modification of Polysacchar- 
ides: A Biochemical /Genetic Approach 

Roger Kern and Gene Peterson. 

Space Biological Sciences Group . 

Jet Propulsion Laboratory 
This presentation will describe the 
development of unique biological 
techniques for adapting polysacchar- 
ides for use in electronic and optical 
devices. The ability to manipulate 
polysaccharides genetically and 
chemically will have an immediate 
impact on current commercial applica- 
tions based on rheological properties, 
such as materials coatings, pharmaceu- 
tical delivery systems, and food 
additives. 

Cryogenic Focusing, Ohmically 
Heated On-Column Trap 

Stephen R. Springston . Department of 
Applied Science. Brookhaven National 
Laboratory 

Mr. Springston will present a new 
method for thermally desorbing volatile 
solutes that have been cryogenically 
trapped within a capillary. Advantages 
of this trap for gas chromatographic 
analyses include fast response, simplic- 
ity, and elimination of connections 
Other applications include physico- 
chemical studies, sample modulation 
chromatography, and restrictors for 
supercritical fluid chromatography. 

Study of the Effect of Hydrocarbon 
Contamination on PFTE Exposed 
to Atomic Oxygen 

Morton A. Golub and Theodore 
Wydeven. Research Scientists. 

Ames Research Center 
As part of an effort to improve the 
surface properties of PFTE (commonly 
known as Teflon™). Ames researchers 
are using x-ray photoelectron spectros- 
copy analysis to study the effect of 
hydrocarbon contamination on PFTE 
exposed to an oxygen plasma. Their 
work will lead to the development of 
better surface-modified PFTE products 
for the medical and industrial markets. 

(Session E6) 

Medical Advances 

Applications of the Strategic Defense 
Initiative’s Compact Accelerator 
Technology 

Nick Montanarelli. Deputy Direct. Office 
of Technology Applications . Strategic 
Defense Initiative Organization 
The Strategic Defense Initiative's 
investment in particle accelerator 
technology for its energy weapons 
program has produced small and 
powerful accelerations with a variety of 


"spinoff medical applications. These 
include a radio frequency quadropole 
linear accelerator for a cancer therapy 
unit, a compact induction linear 
accelerator to sterilize medical prod- 
ucts, and accelerators to produce the 
radioactive isotopes used as 
radiopharmaceuticals for positron 
emission tomography. 

Acoustically- Based Fetal Heart 
Rate Monitor 

Allan J. Zuckerwor. Langley Research 
Center, and Dr. Donald A Baker. 

Baker Guardian Medical Labs 
A new fetal heart rate monitor, using 
piezopolymer pressure sensors on a belt 
worn by the mother, can identify the 
fetal heart tone from among competing 
background signals and. through signal 
processing, yield a real-time evaluation 
of the fetal heart rate. The monitor is 
inexpensive and lends itself to an 
ambulatory mode of operation, 
whereby the mother can conduct fetal 
non-stress tests in her home. 

Surgical Force Detection Probe 

Ping Tcheng. Charles Scott, and 
Paul Roberts. Research Engineers. 
Langley Research Center 
A precision electromechanical instru- 
ment detects and documents the forces 
and moment applied to human tissue 
during surgery. The pen-shaped probe 
measures just 6 inches long and features 
a tip with an interchangeable scalpel. A 
PC -based data system provides signal 
conditioning, data acquisition, and 
graphics display. 

Correcting Night Myopia with Biofeed- 
back and a Simple Pocket Optometer 

Dr. William B. Cushman. Research 
Physiologist. Naval Aerospace Medical 
Research Laboratory 
Navy researchers are using a pocket 
optometer to implement biofeedback 
training to correct night myopia. 
Although developed to improve pilots' 
night vision, the lightweight, handheld 
optometer could benefit others, 
including children with ‘student 
myopia.' 


Concurrent Government- 
Industry Workshops 
4:30 pm— 6:00 pm 


(Presenters to be announced) 
Agencies holding workshops during this 
period will include: 

• Department of Defense 

• Department of Health and Human 
Services 

• Department of Veterans Affairs 

• National Aeronautics and Space 
Administration 


SAVE TIME AND MONEY: PREREGISTER BY PHONE 
(800-944-NASA), FAX (212-986-7864), OR MAIL 



IPE 

Conference 

Program 


Technical Session 
1 :00 pm — 3:00 pm 



Advanced Manufacturing Technology 


he Intelligent Processing 
Equipment (IPE) Confer- 
ence will focus on 
federally-developed 
innovations in robotics, 
sensors, and controls that 
industry can apply to a 
broad range of manufacturing 
processes, including machining, 
forming, welding, heat-treating, 
inspection, and assembly. Fifteen 
federal organizations will report on 
their present R&D efforts in intelli- 
gent processing during sessions 
held concurrently with Technology 
2001 symposia in the San Jose 
Convention Center on Tuesday, 
Dec. 3 and Wednesday, Dec. 4. 

On Thursday, Dec. 5, these 
presentations will be reviewed and 
discussed in panel sessions led by 
select industry leaders in manufac- 
turing. A luncheon featuring a talk 
by a nationally-recognized expert 
in advanced manufacturing is 
also planned for Thursday in the 
convention center. Proceedings 
will be published and mailed to 
attendees after the conference. 

The IPE sessions are open to all 
Technology 2001 registrants at no 
additional charge. Technology 
2001 registrants are also invited to 
attend the Thursday luncheon, 
which will involve a small fee for 
food costs. Further information on 
the luncheon will be mailed to all 
Technology 2001 preregistrants 
prior to the show, and will also be 
available on-site at an information 
counter in the lobby. 

The final program issued at the 
show will list IPE Conference 
speakers and meeting room 
locations. All the meeting rooms 
are in close proximity, making it 
easy for registrants to attend 
portions of both conferences. 


IPE Conference Schedule: 
Tuesday, December 3 


Technical Session 
1:00 pm — 3:00 pm 


1 :00 Department of Agriculture 
1 :30 Department of Commerce 
2:00 Department of Energy 
2:30 Environmental Protection 
Agency 


Technical Session 
4:30 pm — 6:00 pm 


4:30 Federal Emergency Manage- 
ment Agency 

5:00 Department of Interior 
5:30 NASA 

Wednesday, December 4 


Technical Session 
8:30 am — 10:30 am 


8:30 National Institutes of Health 
9:00 National Science Foundation 
9:30 Department of the Air Force 
10:00 Department of the Army 


1 :00 Department of the Navy 
1 :30 Defense Advanced Research 
Projects Agency 
2:00 Defense Logistics Agency 
2:30 Strategic Defense Initiative 
Organization 

Thursday, December 5 


Industry Review Panels 
8:00 am — 1 1 :00 am 


8:00 Robotics Panel 
9:30 Controls Panel 


IPE Luncheon 
1 1 :30 am — 1 :00 pm 


Industry Review Panels 
1 :30 pm — 4:30 pm 


1:30 Sensors Panel 
3:00 IPE Summary Session 

For further information on the IPE 
Conference, contact Robert 
Schwinghamer at (205) 544-1001 . 


Visit The “Garage” 


While you are in San lose, be sure to visit the 
Technology Center of Silicon Valley's new interactive exhibit center, called the 
Garage (after the place where high-tech companies such as Apple Computer 
began). Located across the street from the San lose Convention Center, the Garage 
features informative hands-on exhibits in the areas of space technology, micro- 
electronics, materials, robotics, and biotechnology. Technology 2001 attendees 
are entitled to a discounted admission rate of $5. 

You can obtain tickets on the concourse level of the 
convention center during all three show days. 

The Garage contains a 9-toot-square version of a micro- 
chip. This exhibit lets you ask a question and then watch 
it process the answer. As different sections light up, the 
screen explains how the computation is being made. 














Reserve Your Place At Technology 2001 Today 

Save time and money. Preregister for Technology 2001 using 
the convenient form below. Mail the completed form with 
check payable to the Technology Utilization Foundation, or 
fax it with credit card information to (212) 986-7864 (VISA and 
Mastercard accepted). To register by phone, call (800) 944- 
NASA. Government organizations may register using a 
purchase order Deadline for preregistration is November 8. 
Choose from four types of registrations: 

► Complete Registration — includes technical sessions, 
workshops, and exhibits for all three show days; tickets to 
the opening reception on Monday, Dec. 2 and the 
Technology Transfer Awards Dinner on Wednesday. 

Dec. 4; and a copy of the Technology 2001 proceedings. 

>► Symposia/ Exhibits Registration — covers technical sessions, 
workshops, and exhibits for all three days. 

► One-Day Symposia/ Exhibits Registration 

► One-Day Exhibits Only Registration 



By 11/8 

On-Site 

Complete Registration 

$300 

$325 

Symposia/Exhibits Reg. 

$200 

$225 

One-Day Symposia/Exhibits Reg. 

$100 

$125 

One-Day Exhibits Only Reg. 

$25 

$30 

Federal government employees 

are entitled to 

a 50 percent 


discount on above prices. Discounts are also available to 
groups of ten or more; call (2 12) 490-3999 for details. 

Tickets to the Technology Transfer Awards Dinner may be 
purchased separately for $150 each using the preregistration 
form or by calling (212) 966-3100. Preregistrants can pick up 
their badges and reception/dinner tickets at the San Jose 
Convention Center. 150 West San Carlos St., during the hours 
listed below. Registration confirmations will be sent via mail. 

On-Site Registration Hours 

Monday, December 2 8:00 am - 5:00 pm 

Tuesday. December 3 7:00 am * 4:00 pm 

Wednesday, December 4 7:00 am - 4:00 pm 

Thursday. December 5 7:00 am - 3:00 pm 


Special Hotel Rates 

Hotel space is limited, so act early to secure these special 
conference rates: 



Single 

Double 

Fairmont Hotel 
(headquarters hotel) 
(800)527-4727 

$105 

$105 

Hyatt San Jose 
(408)993-1234 

$85 

$105 

Red Lion 
(408)453-4000 

$80 

$80 

Hotel De Anza 

$115 

$130 

(800)843-3700 

. 



The Fairmont and Hotel De Anza are within walking distance 
of the Convention Center; the Hyatt and Red Lion are approx, 
ten minutes away by Light Rail — San Jose's modern, efficient 
public transit system. When making reservations, you must 
mention Technology 2001 to obtain the special rates. 

Transportation Discounts 

Ground: Hertz Corp. is offering special discounted car rental 
rates with unlimited mileage. For reservations, call Hertz 
Meeting Services at (800) 654-2240 and identify yourself as an 
attendee of Technology 2001 . meeting #9208. 

Air: Discounted air fares are available to Technology 2001 
attendees through American Airlines. Call American Airlines' 
Meeting Service Desk at (800) 433-1790 and ask them to 
display Star File #S01N1BG. Make reservations as the lowest 
applicable fare from your departure city and give your 
mailing address. Nepal Travel Bureau— the official travel 
agency for Technology 2001— will mail you the tickets. For 
follow-up inquiries about your tickets, call Nepal Travel at 
(800)666-4519. 


An Ideal Location 



The new San 
Jose Conven- 
tion Center is 
situated in the 
heart of Silicon 
Valley. 


The Convention Center is located just three miles from San 
Jose International Airport, and offers plenty of indoor parking. 
At the heart of the downtown cultural center, the Convention 
Center is within easy walking distance of restaurants, shops, 
and entertainment. For information on cultural activities, 
attractions, and tours, call the San Jose Convention and 
Visitors Bureau at (408) 295-9600. 

Questions? Call Joseph Pramberger or Justina Cardillo at 
(800) 944-NASA. 


Technology SQOI Preregistration Form 


Use a separate form or photocopy for each registrant. Type or print 
clearly. 

Name 

Title 

Company 

Address 

City/St/Zip 

Phone 

□ check enclosed charge my: □ VISA □ Mastercard 

Account No. 

Expiration: Mo. Yr. 

Signature 


Registration Fees: 


Complete Registration 

$300 

$ 

Symposia/Exhibits Reg. 

$200 

$ 

One-Day Symposia/Exhibits 

$100 

$ 

(circle day: Tues. Wed. Thurs.) 
One-Day Exhibits Only 

$25 

$ 

(circle day: Tues. Wed. Thurs.) 
Awards Dinner Only 

$150 

$ 


Total: (Fed. govt, employees deduct 50%) $ 

Registrations and awards dinner reservations are trans- 
ferable. and may be cancelled until Nov. 8, 1991 subject 
to a $50 cancellation fee. After that date no cancella- 
tions will be accepted and no money refunded. 


Return with payment to: Technology Utilization Foundation, 41 East 42nd St., Suite 921, New York, NY 10017 





A patented recycling system 
to be displayed by Sorbilite 
Inc. converts paper, sawdust, 
and other waste products 
into high-quality 3D parts. 


The Marshall Space Flight Center 
will demonstrate an advanced 
computed tomography system, 
shown here inspecting the gearing 
inside a Tomahawk Cruise Missile. 


The Ames Research Center 
exhibit will feature a virtual 
reality system that combines 
3D sound and imagery to 
create "artificial worlds." 


Technology 2001 symposia and exhibits will spotlight the 
best new inventions from federal laboratories, universities, 
and leading high-tech companies. Here’s just a sample 
of the hundreds of innovations that await you. 


Ultramet will showcase an 
iridium/rhenium thrust cham- 
ber that has been called "the 
greatest advance in chemi- 
cal rocket technology in 
three decades.' 


Explore The Cutting Edge 



Goddard 
Center 
researchers 
will describe 
an innovative 
software tool 
for building 
and manag- 
ing graphical 
user inter- 
faces. 



A major advance in the study and 
measurement of distortion, stress. 


and fracture will be shown by Idaho 
National Engineering Laboratory. 
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Would Recognize Machine Parts 


Mode-Switching Algorithms for 
Antenna Servocontroller 
Robot Grasps Rotating Object 
Characterizing Computers and 
Predicting Computing Times 
Three-Dimensional Acousto- 
Optical Spectrum Analyzer 
System Acquires and Displays 
Signal-Propagation Data 


Modular VLSI Reed-Solomon Decoder 


65 Facility Measures Magnetic Fields 

66 Self-Heterodyne Laser-Spectrum 
Analyzer 

66 Digital Pitch-and-Roll Monitor 
Books and Reports 
68 Research on Controls and 
Displays for V/STOL Airplanes 
Computer Programs 
87 Software for Multivariable 
Frequency-Domain Analysis 
87 Waveform-Generating Program 



Multiple chips of the same type would be concatenated for lower cost and flexibility of design. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


A proposed Reed-Solomon decoder 
would contain multiple very-large-scale in- 
tegrated (VLSI) circuit chips of the same 
type. Heretofore, a typical VLSI implemen- 
tation of a Reed-Solomon decoder has 
been made of as marry as five different cir- 
cuit chips, each of which performs func- 
tions from a different stage of the Reed- 
Solomon decoding process. The principal 
disadvantage of the prior approach is the 
high cost of developing the different chips. 
Because the proposed decoder would 
contain chips of only one type, the cost 
of development should be reduced by a 
factor of about 5. In addition, the proposed 
decoder would be programmable in the 
field and could be switched between 8-bit 
and 10-bit symbol sizes. 

* In the proposed decoder, each chip 
would contain sets of logic cells and sub- 
cells that perform functions from all stages 
of the decoding process. The full decod- 
er would then be assembled by concate- 
nating the chips, with selective utilization 
of the cells in particular chips (see Figure 
1). Finite-field multipliers are basic building 
blocks of Reed-Solomon decoders, and 
a programmable finite-field, normal-basis 
finite-field multiplier switchable between 
8- and 10-bit operation has been designed 


for use as a basic building block of each 
chip. 

In turn, each chip would serve as a 
basic building block of the full decoder. 
Also as shown in Figure 1, each chip 
would be divided into eight rows. The first 
row would be the syndrome-computation 
cell and would consist of eight identical 
syndrome subcells. Both the shift registers 
and the finite-field multipliers in the syn- 
drome-computation cell and the following 
cells would be made switchable between 
8- and 10-bit operation, thereby making the 
entire decoder switchable between 8- and 
10-bit operation. The second row would 
consist of eight polynomial-expansion sub- 
cells. The third row would consist of eight 
power-expansion subcells. The fourth row 
would consist of eight polynomial-evalua- 
tion subcells, which could also be used 
to do the Chien search. The fifth row would 
consist of eight modified-Euclidean-algo- 
rithm subcells. The sixth row would con- 
tain such miscellaneous cells as counters, 
shift registers and finite-field multipliers, 
which would provide “glue logic” 

Figure 2 illustrates the configuration of 
a decoding system that would include the 
proposed Reed-Solomon decoder. A host 
computer (which could be a personal com- 


puter) would issue commands to the rest 
of the system. An input module consisting 
mostly of memory chips would store the 
received messages. Such operations as 
formatting, conversion of basis (if both a 
standard and a dual basis are used), and 
zero-fill would be performed in the input 
module. Similarly, an output module would 
store the decoded symbols and perform 
such operations as reconversion of basis, 
reformatting, and zero stripping. A control 
memory would store all the signals used 
to control the VLSI chips. (Because of the 
large number of control signals needed to 
control VLSI chips, the partitioning of these 
chips would become very difficult if con- 
trol-signal generators were to be included.) 

This work was done by In-Shek Hsu and 
Trieu-Kie Truong of Caltech for NASA’s Jet 
Propulsion Laboratory For further infor- 
mation, Circle 33 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 16]. Refer to NPO-17897. 



Figure 1 . The Reed-Solomon Decoder would be an assembly of 
identical VLSI circuit chips. 



1 

; Host 

1 



1 

1 

Computer 1 

Control 

Memory 

| 

1 


J Input 1 Reed-Solomon 

1 Module | Decoder 

J Output 1 , 

~ Module [ 



Figure 2. The Decoding System would include the decoder of 
Figure 1 plus four other modules. 
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Closed-Loop Chopping-Mirror Controller 

Mirror position and velocity are electronically sensed and commanded. 
Ames Research Center, Moffett Field, California 



The Closed-Loop 
Controller compares 
the actual angular po- 
sition and velocity of 
the oscillating mirror 
with the commanded 
position and velocity. 
The resulting error 
signals are used to 
control the current to 
the mirror actuator 
and, consequently, 
the torque applied to 
the mirror. 


The motion of a chopping mirror is con- 
trolled very precisely by a feedback circuit 
originally developed for the mirrors in orbit- 
ing infrared telescopes. The new controller 
enables the selection of different chopping 
frequencies, angular amplitudes, dwell 
times, and dwell positions. It also reduces 
noise and vibration by eliminating mechan- 
ical stops and reduces energy consump- 
tion in the actuator — an important con- 
sideration in infrared telescopes, which are 
very sensitive to thermal disturbances. 

The controller is used with a mirror that 
oscillates about a diametral axis (see fig- 
ure). It senses the difference between the 
commanded position and velocity and the 
actual position and velocity of the mirror, 
then responds by sending control currents 
to the mirror actuator to correct the error. 

A digital function generator generates 
the position- and velocity-command wave- 
forms that repeat at the selected chopping 
frequency. Regardless of the frequency, 
the position waveform is a trapezoid de- 
signed to hold the mirror during 45 percent 
of the cycle at one dwell position, 45 per- 
cent of the cycle at the opposite dwell posi- 
tion, and 5 percent in each of the two tran- 
sitions between the two dwell positions. 

In principle, the velocity-command sig- 
nal corresponds in amplitude and phase to 
the derivative of the position command. 
The amplitude and phase can be programed, 
however, if that is necessary to compen- 
sate for nonlinearity in the actuator 
response. Both command signals are con- 
verted to analog form and fed to the analog 
control electronics. 


Signals corresponding to the actual mir- 
ror position and velocity are derived from 
the output of a capacitive position sensor. 
The analog control electronics compare 
these signals with the command signals. 
The resulting error signals, along with the 
integral of the position-error signal, are 
multiplied by their respective gain factors, 
then summed. The resulting signal controls 
the power amplifier that generates the con- 
trol current for the mirror actuator. 

The trapezoidal waveform was chosen 
because with it the mirror follows a path of 
minimum energy consumption. The con- 
trol system responds by accelerating the 


mirror to the commanded angular velocity 
at the beginning of the angular transition, 
then decelerating the mirror to zero angu- 
lar velocity when it reaches the next dwell 
position. During the transition, the mirror 
coasts, except for small corrections in re- 
sponse to velocity errors. The total energy 
required by the two impulses is about one- 
fourth that required by a comparable 
square-wave controller. 

This work was done by Kenneth R. Loreil 
of Ames Research Center. For further in- 
formation, Circle 84 on the TSP Request 
Card. 

AR011177 


Versatile, Fast Computer Core 

The core speeds up the development of flight computers. 
Goddard Space Flight Center, Greenbelt, Maryland 


A versatile computer core serves as a 
state-of-the-art component and a tool for 
the development of computing systems 
that are required to process data rapidly, 
particularly as part of control tasks that in- 
volve relatively large volumes of input and 
output data. This core exploits new tech- 
nology to enhance the performance need- 
ed in flight computers, the development 
of which has heretofore been relatively 
slow because of the limitations of central 
processing units and memories. Com- 
puting and other equipment specific to a 
flight system can be added around this 
core to develop flight systems rapidly with- 
out incurring the time and monetary costs 
of designing a new core. 


The core consists of a Harris RTX2010 
central processing unit, system memory, 
decoding logic, a watchdog timer, wait- 
state and timing circuitry. It also includes 
an RS232 interface for the development 
of programs and for monitoring the sys- 
tem. The core software kernel, which is 
stored in read-only memory, is based on 
the American National Standards Insti- 
tute’s Forth computing language. Inas- 
much as Forth is the native (assembly) 
language of the central processing unit, 
this kernel provides a compact, robust, 
fast, interactive software-development en- 
vironment that is extensible by the user. 

The core consumes very little power, 
the amount depending on the operating 


frequency, the size and speed of the mem- 
ory, and input/output requirements. For ex- 
ample, with a memory size cf 256 Kb and 
a frequency of 10 MHz, it uses less than 
100 mA at 5 V. In situations in which it is 
essential to minimize the consumption of 
power, external signals can be used to turn 
the core and the rest of the computing 
system off and on in duty cycles. Battery 
backup for memory is also available. 

The central processing unit executes all 
native instructions in one or two cycles. 
Because most native instructions corre- 
spond to high-level Forth words, develop- 
ing in Forth is equivalent to assembly- 
language programming. However, many 
“phrases” of words can be optimized by 
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The Only Real Choice 



CSI's FFT Analyzer, Digital Oscilloscope, Data 
Collector, Balancing Instrument, Transient 
Analysis Package, Structural Analysis Unit, 
and Acoustic Analyzer. 


Which would you rather use? 

The CSI Model 2400 Dynamic Signal Analyzer is both 
powerful and versatile. It can be configured for either 
two or four channels of simultaneous data aquisition, 
and its fast operation, frequency range of 80kHz, and 
25,600 lines of resolution make it powerful enough to 
handle all of your analysis needs. 

The most remarkable thing about the CSI 2400, however, is 
in addition to being a powerful FFT analyzer and digital 
oscilloscope, its downloadable application software pro- 
grams allow you to use all of its analysis power for data 
collection, balancing, transient, structural, and acoustic 
analysis, and many other applications. All of these pro- 
grams have the same user-friendly interface, with 
pop-up menus, function key control, and extensive 
on-line help. 


Which would you rather carry? 

With all of its capabilities, the CSI Model 2400 weighs 
only about 10 pounds. It is battery powered, sturdily 
built, and has a large backlit display that is clear and leg- 
ible regardless of available light. 

Which would you rather buy? 

Even the four-channel Model 2400 with a full two 
megabytes of memory is less expensive than many two- 
channel analyzers. And because you can upgrade the 
CSI Model 2400 with additional or updated software, it 
can be applied to many other measurement tasks and it 
won't become obsolete. 

Can you afford to buy any other analyzer(s)? 
Compare for yourself. Then call us. 



Computational Systems Incorporated 

835 Innovation Drive • Knoxville, Tennessee • Phone (615) 675-21 10 • Fax (615) 675-3100 
Research Park Interleuven • B-3001 Leuven, Belgium • Phone 32-16 29 22 1 1 • Fax 32-16 29 43 44 
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making them executable in single instruc- 
tions (opcodes). This kind of optimization 
is called “code compression.” The com- 
pression ratio (the number of Forth words 
that can be executed in one opcode in one 
clock cycle) typically lies between 1.5 and 
3, but it can be as much as 5 in highly 
optimized segments of code. This much 


compression enables the central process- 
ing unit to have an operation throughput 
(measured in the number of instructions 
per unit time) greater than its clock speed. 
Running at 10 MHz, it can have an average 
throughput of 15 to 30 million instructions 
per second (MIF>S), with bursts up to 50 
MIPS. Previous flight computers have not 


been able to provide this much throughput 
in a comparable small size, low power, and 
low cost package. 

This work was done by Douglas Ross 

of Goddard Space Right Center For fur 

ther information, Circle 26 on the TSP Re- 
quest Card. 

GSC-13364 


Trinary Associative Memory Would Recognize Machine Parts 

Some deficiencies of binary representations are overcome. 

NASA's Jet Propulsion Laboratory, Pasadena, California Trinary associative electronic and opto- 

electronic memories are undergoing devel- 
opment for use in recognizing patterns — 
for example, to distinguish among different 
machine parts when stimulated with whole 
or partial views of the parts. Most associa- 
tive memories investigated in previous re- 
search on artificial neural networks have 
been based on two-valued logic: either 
unipolar binary (0,1) or bipolar binary (-1,1). 
The trinary associative memory combines 
the merits and overcomes major deficien- 
cies of the unipolar and bipolar logics by 
combining them in a three-valued (1,0-1) 
logic that reverts to unipolar or bipolar 
binary selectively, as needed to perform 
specific tasks. 

The advantage of an associative memo- 
ry is that one obtains access to all parts 
of it simultaneously on the basis of the 
content, rather than the address, of the 
data. Consequently, it can be used to ex- 
ploit fully the parallelism and speed of op- 
tical computing. When stimulated with an 
input vector (which could be a complete 
or partial representation of the pattern 
being examined), an associative memory 
puts out a vector that may or may not 
indicate a match with the complete vec- 
tor of one of the patterns stored in the 
memory. 

In the Hopfield neural-network model, 
well known among researchers in this 
field, the outer product of a vector with it- 
self is used as a memory matrix for that 
vector, and thereafter a memory matrix is 
added for each of the nearly orthogonal 
stored vectors. Hopfield networks have 
been implemented by use of bipolar binary 
numbers in storing vectors and unipolar 
binary numbers in addressing the memo- 
ries. An inner-product representation of as- 
sociative memory has been based on the 
Hopfield model. 

Both the inner product and the Ham- 
ming distance have been studied as can- 
didate measures of the convergence of a 
vector toward one stored in memory (and, 
therefore, as measures of similarity be- 
tween patterns or objects represented by 
the vectors). Usually, the Hamming dis- 
tance has been used as a measure of dis- 
similarity, overlooking the role of the inner 
product in determining convergence. In 
cases other than that of bipolar binary in- 



Easy To Use 
Video Imaging 

Hand-held, high magnification 
video imaging is now easy and 
affordable . The Moritex 
Scopeman™ MS-504 provides 
a high resolution, full color 
magnified video image of 
virtually any subject up to 
lOOOX. 

The flexible, imaging probe can 
be hand-held and stand or 
machine mounted. The MS- 
504’ s remote head camera and 
integrated fiberoptic illumina- 
tion features make it a perfect 


candidate for integration onto 
specialized inspection systems. 
Applications include: QC/QA, 
product/part inspection, failure 
analysis — NDT/NDI, machine 
vision, on-line inspection and 
R&D. 


M MORITEX U S A., inc. 


U.S. Distributor. 

MORITEX USA, INC. 

6440 Lusk Blvd.. Suite D-105 
San Diego, C A 92121 
Tel: 1-800-548-7039 
Tel: (619)453-7905 


Manufactured by: 
MORITEX CORP. 
Meisei Building 
8-9 Sakuragaoka-Cho 
Shibuya-Ku, Tokyo 150 
Japan 

Tel: (03)3476-1660 


European Distributor: 
MORITEX EUROPE 
4 Baldock Way 
Cambridge CB1 4UU 
United Kingdom 
Tel: (0223)410041 
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The Big Picture Just Got Bigger! 



DADISP 3.0 


The Standard Worldwide — 
adopted by thousands of 
scientists and engineers for data analysis 
and graphics. 


Just Point-and-Click.. 


DADiSP works the way you do — from input to output. DADiSP’s 
point-and-click menus put you in control: from Data Collection, 
Reduction and Management, through Visual Data Analysis and 
Hypothesis Testing, on to final output with DADiSP’s outstanding 
Presentation Quality Graphics. 


DADiSP automatically builds a permanent and reusable worksheet 
as you work. Organize your data, methods and graphs in DADiSP 
worksheets — for future reference and future projects — you can even 
create your own macros and custom menus. 


rix processing 


Inverse / Transpose 
Eigen Values & Vectors 
Matrix Math 

2D FFTs and convolutions 
3D and 4D Graphic Displays 
Operations Research 




Image Processing 

Medical Imaging 
Satellite 
Seismology 
Terrain Rendering 
Communica tions 


Lab Automation 


Data Acquisition 
IEEE-488 

Test & Measurement 
Process Control 
Quality Improvement 
Manufacturing Test 


Science 


Statistics 

Experimental Design 
Hypothesis Testing 
Peak Analysis 
Chemistry 
Medical Research 
Quality Management 



Engineering 

Signal Processing & FFTs 
Filter Design 
Speech / Communications 
Sonar & Radar 
Electronics Design 
Mechanical Test 
Vibration Analysis 


Run powerful add-in modules right from DADiSP menus — talk to 
your lab instruments with the DADiSP/488 driver, use DADiSP/LT 
for Data Acquisition, and run your own favorite programs right from 
DADiSP. 


and more . . . 

call 1 - 800 * 424-3131 


for your free DADiSP trial disk. DADiSP is 
available now for your SUN, HP, IBM, NeXT, 
DEC, Concurrent and other workstation 
families, and of course, your IBM PC compatible. 


Austraha-Interworid Electronics, 03-563-7066; Belgiuin-Electronjque-Mesures, (02 >-384-7309; Den mark - 
Engberg Power Consult. 42-25-1777; England-Adept Scientific, (0462* 480055; Finland-Mespek OY. 9- 
0-3511800; France-SM2i, 01-34-89-78-78; Germany - Datalog. (02166) 9520-0; Digi-Logger, (07720) 
38022; Informatik Systeme, 0631-34111-0; Ingemeurburo Kohler- 069-769829, Kontron Messtechnik. 
08 165-770; India-Dynalog Microsystems, 22-5 1 7-05 14; Italy- BPS Com puters, 2-6129022 1 ; BRM Italiana. 
771-0010; Japan-Astrodesign. 044-751-1011; Nethcrlands-Computer Engineering Roosendaal. 01650- 
57417; New Zealand-GTS Engineering. 09-392-464; Scotland-Diagnostic Instruments. 0501-43031; 
Sweden-Systec. 013-110140. Switaerland-Urech & Harr AG. 061-611325; Taiwan-Advantech. 2-351- 
2117; Howching (02) 5050525 



Development 

Corporation 


DSP Development Corporation, One Kendall Square, 
Cambridge. MA 02139, 617-577-1133, FAX: 617-577-8211 
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put, the Hamming-distance criterion has 
been found not to represent directly the 
continuing matching process of conver- 
gence Inner-product weighting coefficients 
have been found to play a more dominant 
role in many representations for determin- 
ing convergence 

Each of the two binary representations 
has its own merit. With bipolar input and 
thresholding, the outcome of the conver- 
gence process in an associative memory 
always agrees with the minimum-Ham- 
ming-distance criterion. At the same time, 
the bipolar binary representation prevents 
the input from converging to a negative 
vector. On the other hand, when binary 


unipolar representation is used, a memory 
typically seems to recognize partial input, 
irrespective of its Hamming distance. 

In the trinary associative memory, to 
make the inner product more significant, 
one can use matching zeros. This, in turn, 
requires that only those elements of a par- 
tial input vector that are in common with 
a stored vector be represented in bipolar 
binary, while the remaining elements (rep- 
resenting the unknown components of the 
input vector) are set to zero The inner prod- 
uct that corresponds to the input vector 
is thereby made to equal the number of 
known elements. Thereafter, one can apply 
thresholding to accelerate convergence 


NEW! VERSION 2 


Recursive & iterative programming • Over 70 new math functions • New manual. 500 examples & exercises 


The Joy of 
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that 


automated 
expertise 

releases you from the 
drudgery of hand calcula- 
tions. You can do problems you'd 
never attempt otherwise and obtain exact 
symbolic solutions, in addition to approx- 
imate numerical solutions. 


DERIVE - A Mathematical 
Assistant program. 

PC Magazine says it's 
“a joy to use "and proclaims it 
“Editors' Choice. ” PC Week 
calls it “fast and capable. " 
The DERIVE * program is 
delivered with 
built-in standard 
equipment 


symbolic math package on the road 
today. Its menu-driven interface and 
on-line help make it easy- you'll soon be 
up to speed doing math, instead of trying 
to learn how to drive the software. 


Freedom to 
maneuver. 

DERIVES 


MAGAZINE 
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< HUM l 
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delights 

both math lovers 
and math phobics. 


No sticker shock. 

DERIVE s suggested retail price is $250. 


High performance. 

DERIVE does numeric and symbolic 
equation solving, exact and approximate 
arithmetic to thousands of digits, calculus, 
trigonometry and matrices. It displays for- 
mulas in comprehensible 2D format using 
raised exponents and built-up fractions. It 
plots beautiful 2D curves and 3D surfaces 
on monochrome or color monitors. 

Compact and sporty. 

PC Magazine calls it a “small wonder. “ All 
it takes is 512K of memory and one floppy 
disk drive. DERIVE takes to the road on PC 
compatibles, and really gets around on 
laptop and even handheld computers! 

Human engineering. 

You don’t have to be fluent in com- 
puterese to use DERIVE. In fact, it’s the 
friendliest and easiest to use of any 


Our price is only $209. 

—Tec/t£xpress— 


Call now to receive our 
new 100 page catalog 
FREE! (A $2.95 value!) 


1-800-743-7074 


Volume Discounts 
Available 



T echExpress 
31200 LaBaya Drive 
Suite 301 

Westlake Village. CA 91362 
Ph: (818) 707-707 A 
Fax: (818) 707-7085 


and to avoid convergence to the negative 
vector. To measure closeness, Hamming 
distance should be used only for the known 
elements and not for the whole vector. 
Thus, in the first iteration, the unknown por- 
tion of the input is kept inert. Only after 
the first iteration is the input vector rep- 
resented in bipolar binary to accelerate 
convergence. 

Computer simulations have been per- 
formed to compare the abilities of trinary 
and binary associative memories with 
inner-product thresholding to recognize 
twodimensional patterns when stimulated 
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Nine Partial Images PI through P9 (each 
11 by 20 picture elements), were used to 
prompt each of three associative memories 
in a computer simulation. Complete pat- 
terns SI through S4 were stored in the 
memories. The outputs of the binary as- 
sociative memories converged to the cor- 
rect pattern, S2, in only two cases but 
showed false convergence (FC) to stored 
or erroneously synthesized patterns in the 
other cases. The outputs of the trinary 
associative memory converged to the cor- 
rect patterns in all nine cases. 
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EXCELLENCE 


Setting the New Standard in PC Data Acquisition 


It takes a serious commitment to quality to deliver data acquisition boards 
that reliably meet the most demanding specifications. The National 
Instruments AT-MIO-16F-5 board creates a new standard in excellence with 
features not found on typical data acquisition boards. 

These features include: 


Software for programming the AT-MIO-16F-5 ranges from drivers for 
Microsoft Windows and DOS to LabWindows* application software. The 
quality, innovation, and performance of the AT-MIO-16F-5 sets the new 
standard in PC data acquisition. For more information on the AT-MIO-16F-5, 

our complete line of data 


■ 200 ksamples/sec sampling 

■ Software-configurable analog 
input and gain 

■ Optimum noise control 
■True self-calibration 
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extended resolution 
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by parts of those patterns. As illustrated 
in the figure, the trinary memory gave cor- 
rect outputs, while the outputs of the uni- 
polar memory were mostly erroneous and 
those of the bipolar memory were entire- 
ly erroneous. 

This work was done by Hua-Kuang Liu, 
of Caltech, Abdul Ahad S. Awwal of Wright 
State University, and Mohammad A. Karim 


of the University of Dayton for NASA’s Jet 
Propulsion Laboratory For further infor- 
mation, Circle 93 on the TSP Request 
Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title 
to this invention . Inquiries concerning 
rights for its commercial use should be ad- 
dressed to 


Edward Ansell 

Director of Patents and Licensing 
Mail Stop 305-6 

California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 
Refer to NPO-17850, volume and number 
of this NASA Tech Briefs issue, and the 
page number 


Mode-Switching Algorithms for Antenna Servocontroller 

Perturbations caused by switching between modes are expected to be reduced. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


New algorithms have been proposed to 
reduce acceleration and velocity pertur- 
bations caused by transitions between the 
control modes of a servocontrol system. 
The system in question aims a 70-m-di- 
ameter antenna. It is desirable to reduce 
these perturbations because they excite 
vibrations in the antenna structure, thereby 
increasing the time required to aim the 
antenna in a new direction and contrib- 
uting to mechanical wear in the antenna- 
aiming mechanisms. 

The servocontrol system consists of a 
position-control loop closed around a rate 
(velocity)-control loop. The rate loop is an 
analog type-1 controller. A rate command 
(voltage) from the position-loop controller 
is compared to filtered tachometer feed- 


back rate (voltage) to create a rate error. 
The rate loop adjusts the actuator-com- 
mand signal to null the rate error, causing 
the antenna to turn at the commanded 
rate. 

The position loop is closed by a digital 
computer called the “antenna servocon- 
troller” (ASC), which is a type-1 1 controller 
that positions the antenna on the basis of 
position commands. Three control modes 
are effected via algorithms that reside in 
the ASC: (1) a slewing mode called the 
“large-error” mode; (2) a computer track- 
ing mode called the “small-error” mode; 
and (3) a precise tracking mode called the 
“precision” mode. The large-error mode 
is used to slew the antenna over large an- 
gular displacements. The small-error mode 
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is used to track position commands with 
encoder feedback. The precision mode is 
used to track a precise positioner, by use 
of an optical link (an autocollimator) as a 
position-feedback device. 

In the new mode-switching algorithm, 
a transition from the small-error mode to 
the large-error mode is made when the 
position command requires a large angular 
motion. A transition from the large-error 
mode to the small-error mode is made 
when the position error is small. The logic 
for transitions between the small-error and 
precision modes remains the same as the 
old mode-switching logic. 

The large-error mode was modified for 
use with the new mode-switching algo- 
rithms and separated into two parts: the 
new large-error mode and the modified 
small-error mode. The new large-error mode 




NEW MODESWITCHING ALGORITHMS AND MODES 

Perturbations in a Rate Command occur at transitions between 
small- and large-error control modes. The transitions are smoother 
with the new mode-switching algorithms aznd control modes. 
These plots represent the simulated rate-command responses to 
a 1° step change in a position command. 
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accelerates the antenna from the small- 
error mode to the maximum slewing rate 
by use of a digital Bessel filter. The mod- 
ified small-error mode is one of two sub- 
modes of a new small-error mode and is 
a type-1 controller. It decelerates the anten- 
na from the maximum slewing rate and 
makes a transition into the other small- 
error submode, which is a type-1 1 small- 
error mode. It makes this transition by 
“turning on” the integral-error state in a 


An experimental robotic system semiau- 
tomatically grasps a rotating object, stops 
the rotation, and pulls the object to rest 
in a fixture. The system, based on a com- 
bination of advanced techniques for sens- 
ing and control, was constructed to test 
concepts for the robotic recapture of spin- 
ning artificial satellites. Potential terrestrial 
applications for the technology to be de- 
veloped with the help of this system could 
include tracking and grasping of industrial 
parts on conveyor belts, tracking of ve- 
hicles and animals, and soft grasping of 
moving objects in general. 

The system (see figure) consists of a 
sensing-and-perception (S&P) subsystem 
and a manipulator-control-and-mecha- 
nization (MCM) subsystem. The S&P sub- 
system acquires and tracks the position, 
orientation, linear velocity, and angular 
velocity of the spinning object [in this 
case, a 350-lb (159-kg) mockup of a 
satellite] and sends tracking data to the 
MCM subsystem. The S&P subsystem in- 
cludes charge-coupled-device video 
cameras, video digitizers, frame buffers, 
a custom-made “pipeline” video-data proc- 
essor that finds high-contrast edges in the 
video images, and buffers that store the 
output of this processor. The S&P sub- 
system also includes a microcomputer 
programmed to control the other S&P 
equipment and to perform the various 
computing tasks involved in acquisition, 
tracking, and the analysis of images. 

The MCM subsystem grapples the spin- 
ning object and brings it to rest without 
exerting excessive forces on the object or 
on itself. This subsystem includes two ro- 
bot arms with hands that include special 
grappling tools mounted on pneumatical- 
ly driven parallel fingers. A microcomputer 
that communicates with the S&P micro- 
computer and with the robot-controlling 
microprocessors performs the control com- 
putations for each arm. Data from force 
and torque sensors on the robot arms are 
passed back to the computers via the ro- 
bot-controlling microprocessors. 


state controller. Simulations showed that 
the combination of the new switching al- 
gorithms and modified control modes 
should provide smoother transitions be- 
tween the small- and large-error modes 
with fewer acceleration and rate perturba- 
tions (see figure). 

The switching between the small-error 
and precision modes was improved by 
using the same Bessel filter as in the large- 
error mode and by matching control gain. 


Ultimately, of course, it would be desir- 
able to develop a robotic system that could 
acquire a view of the rotating object, track 
it, grasp it, and bring it to a stop, all auto- 
matically. A fully autonomous acquisition 
algorithm is being developed, but at pres- 
ent, acquisition requires so much com- 
putation that it cannot be performed rapidly 
enough on currently available computers 
to keep up with a moving object in real 
time. Therefore, the experimental system 
is designed to execute a semiautomatic 
acquisition procedure: A human operator 
guides the system into an approximate 
overlap of each video image of the rotating 
object with a superimposed wire-frame 
video image that represents the state of 
the rotating object in the mathematical 
model of the object in the computer. Once 
the desired overlaps are achieved, the 
operator commands the system to begin 


The misalignment error was filtered to pro- 
vide smoother and more-stable transitions. 
Simulations showed improved stability, 
robustness, and smoothness of transitions 
between the small-error and precision 
modes. 

This work was donebyJackA Nickerson 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, Cir- 
cle 106 on the TSP Request Card. 
NPO-17489 


the automated operations of tracking, 
grasping, despinning, and pulling into the 
fixture. 

In experiments, the system has suc- 
cessfully grappled the satellite mockup at 
rotational speeds up to 2 rpm. At higher 
speeds, delays in communication and in- 
accuracies in the control subsystems 
cause the robot hands to miss the grasp- 
ing pads on the mockup. The use of faster 
computers and improved robot-control 
software should improve the grappling 
capability and help reduce the transient 
grappling forces. 

This work was done by Brian H. Wilcox, 
Kam S. Tso, Todd E. Litwin, Samad A. 
Hayati, and Bruce B. Bon of Caltech for 

NASA’s Jet Propulsion Laboratory. For 

further information, Circle 90 on the TSP 
Request Card. 

NPO-18016 



The Test Bed of the NASA Telerobot Project is being used to investigate the robotic 
capture of a spinning mockup of a satellite. The technology is also potentially appli- 
cable to industrial robots and robotic vision systems that are required to acquire, 
track, and possibly grasp moving objects. 


Robot Grasps Rotating Object 

Advanced techniques for sensing and control are combined. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 
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Characterizing Computers and Predicting 
Computing Times 

Times necessary to run given programs on given computers 
can be predicted fairly accurately. 

Ames Research Center, Moffett Field, California 
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An improved method for evaluation and 
comparison of computers running the 
same or different FORTRAN programs has 
been devised. It enables one to predict the 
time necessary to run a given “bench- 
mark” or other standard program on a 
given computer, in scalar mode and with- 
out optimization of the codes generated 
by the compiler. Such “benchmark” run- 
ning times are principal measures used 
to characterize the performances of com- 
puters; as such, they are of interest to de- 
signers, manufacturers, programmers, and 
users. 

Heretofore, the time to execute a bench- 
mark program on a specific computer had 
to be determined either by running that pro- 
gram on that computer or else by extrap- 
olation from similar benchmark programs 
fa which data were available Such "bench- 
marking” often gives an oversimplified 
measure that is not particularly useful in 
comparing performances, extrapolation is 
difficult if not impossible in many cases, 
and neither benchmarking nor extrapola- 
tion measures the structural character- 
istics of equipment and programs that af- 
fect running times. 

In a sense, the new method also in- 
volves benchmarks and extrapolation, but 
with an important difference; it breaks 
down the problem into smaller measurable 
components in a process that involves the 
characterization of the computer and the 
separate characterization of the bench- 
mark or other program, followed by a syn- 
thesis that yields a prediction of the per- 
formance of the computer running that 
program (see figure). For the characteriza- 
tion of the computer, the method pre- 
scribes one or more “system characteriz- 
es,” which are computing experiments 
that detect, isolate, and measure features 
of the hardware and the software that runs 
on it. These features describe the system 
and determine its performance. The ac- 
curacy of the description depends on the 
number and detail of the experiments. For 
example, a very coarse descriptive model 
would be one in which all floating-point op- 
erations are represented by only one pa- 
rameter. The same system characterizes 
consisting of FORTRAN program con- 
structs, is run on all the computers of in- 
terest. The output produced by the char- 
acterizer constitutes the data base that will 
be used to estimate performance. 

For the characterization of the bench- 
mark or other application program, the 
method prescribes an algorithm called the 



The System Characterizer and the Pro- 
gram Analyzer acting in conjunction with 
the execution predictor, predict the time 
required to execute a given FORTRAN ap- 
plication program on a given computer. 

“program analyzer,” which analyzes the 
program to determine how it will be ex- 
ecuted in the given system. The param- 
eters chosen for this decomposition are 
exactly the set of operations supported by 
the programming language. Thus, the im- 
plementation of the program analyzer re- 
quires the modification of the compiler to 
obtain the static properties of the applica- 
tion program and the “instrumentation” of 
the source or object code to produce dy- 
namical statistics at run time. These prop- 
erties and statistics enable the prediction 
of the dynamic behavior of the application 
program. 

The execution predictor is the algorithm 
that combines the outputs of the system 
characterizer and the program analyzer. 
It predicts the total execution time for a 
program as a linear combination of execu- 
tion times of its component operations. 
Thus far, the method has yielded fairly ac- 
curate predictions of the execution times 
of 10 benchmark programs on 10 different 
computers. 

This work was done by Rafael H. 
Saavedra-Barrera of the University of Cali- 
fornia for Ames Research Center Fur- 
ther information may be found in NASA 
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Three-Dimensional Acousto-Optical Spectrum Analyzer 

Integration in the third dimension (time) yields superfine resolution. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


An experimental acoustooptical Bragg- 
cell spectrum analyzer achieves subhertz 
frequency resolution. This system repre- 
sents an extension to three dimensions of 
the two-dimensional spectrum-analyzer 
concept described in the preceding arti- 
cle, “Two-Dimensional Acousto-Optical 
Spectrum Analyzer” (NPO-18092). In this 
as in the preceding system, the first and 
second dimensions are the two spatial di- 
mensions of a charge-coupled-device 
(CCD) imaging array The third dimension 
is time, as sampled at the frame rate of 
the CCD array 

Figure 1 is a schematic illustration of 
the three-dimensional spectrum analyzer. 
As in the two-dimensional version, (1) the 
signal is first focused in one direction by 


a Fourier-transform lens (this is called 
“space integration”) onto the CCD array 
to obtain coarse frequency resolution, then 
(2) the focused signal is mixed with a ref- 
erence function in the form of a sampled 
distributed local oscillator and integrated 
in time on the CCD array to obtain fine fre- 
quency resolution in the perpendicular di- 
rection. The fine frequency resolution is 
typically about 100 Hz. 

The three-dimensional spectrum ana- 
lyzer includes a real-time digital image 
processor, which “grabs” each frame of 
the two-dimensional image of the spec- 
trum produced by the space and time in- 


tegrations on the CCD array. This proc- 
essor performs a secondary integration in 
time in each fine-resolution channel over 
a sequence of frames. A fast Fourier trans- 
form is applied to the sequence of values 
in each picture element. As a result, each 
fine-resolution channel is resolved further 
into channels of subhertz width. This three- 
dimensional operation would be particular- 
ly useful in both quickly identifying a nar- 
row-band radio-frequency signal within a 
wide initial analysis band and analyzing its 
subhertz spectral features. 

Figure 2 shows the result of an experi- 
ment in which the three-dimensional sys- 


Figure 1 . The Three-Dimensional Acousto-Optical Spec- 
trum Analyzer is essentially a two-dimensional acousto- 
optical spectrum analyzer equipped with a real-time digital 
image processor that performs a secondary integration in time 
on the output of each picture element in the CCD array. 
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tem was used to analyze a 1,000,941-Hz 
signal. The CCD frame rate was 30 frames 
per second, and the secondary integration 

Figure 2. This Spectrum Containing a Peak 

was obtained by processing a 1,000,941-Hz 
signal through the three-dimensional 
acousto-optical spectrum analyzer. The 
horizontal scale represents frequency at 
1 Hz per division. 


in time was performed over 512 frames 
(about 17 seconds). The output spectral 
peak has a full width at half maximum of 
only 0.12 Hz. 

This work was done by Homayoon An- 
sari and James R. besh of Caltech for 

NASA’s Jet Propulsion Laboratory For 

further information, Circle 135 on the TSP 
Request Card. 

NPO-18122 


System Acquires and Displays Signal-Propagation Data 

The system is flexible and easy to operate. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


An electronic system acquires, controls 
the processing of, and displays data from 
experiments on the propagation of phase- 
coherent radio signals at frequencies of 
12, 20, and 30 GHz. The system offers out- 
standing accuracy; acquires and displays 
data and controls associated equipment, 
all in real time; and includes a hardware 
and software interface with the user that 
makes it flexible and easy to operate. 

The equipment portion of the system is 
a rack-mounted unit that includes a 
custom-made backplane. Circuits of six 
types are plugged into the backplane: 
digital input, analog input, digital output, 
analog output, one that serves as an in- 
terface to a hybrid digital/analog receiver, 
and one that contains a microprocessor- 
based controller (see Figure 1). The con- 
troller serves as the interface between the 
other circuit cards and a personal com- 
puter that, in turn, serves as the hardware 
interface between the system and the user. 

The primary function of the controller 
is to sample data from the input cards at 
a rate, commanded by the user, between 
10 and 100 Hz. All of the input cards are 
synchronized with each other via a com- 
mon sampling-clock signal. After each 
sampling pulse, the control unit reads the 
latched value from each card and buffers 
the data for transmission to the computer. 
The controller can be configured to return 
only those data that are from specific 
channels and that are to be recorded in 
the disk memory of the computer. By thus 
reducing the number of data, the data- 
acquisition system reduces the load on the 
computer, enabling it to perform other 
tasks in addition to receiving and process- 
ing the incoming data. 

The data acquired by the system are 
transferred to the computer via an “inter- 
rupt” service routine and stored in a first- 
in/first-out buffer memory. A C-language 
program that is executed as a background 
process formats the data and transfers 
them to a file in the disk memory of the 
computer. The program also enables the 
user to select, for display and/or process- 
ing, a subset of data from a specified group 



Figure 1 . The Data-Ac- 
quisition Equipment 
coordinates the flow of 
data from multiple in- 
put channels to the 
computer. 


Figure 2. The Data- 
Acquisition Software 

provides for multi- 
tasking and for interac- 
tive graphical displays, 
including easy-to-use 
windows and pulldown 
menus with mouse in- 
put. This diagram illus- 
trates the relationship 
between the interac- 
tions among the task- 
manager software, the 
window-manager soft- 
ware, and the tasks 
prescribed by the user. 


of channels and from a specified interval 
of time (including data being collected at 
the moment). 

The overall operation of the system is 
controlled by a multitasking program (see 
Figure 2) that assists the user with win- 
dows, icons, and other graphical display 
features. The user supervises the system 
via keyboard and mouse inputs; these 
inputs are coordinated, and the video out- 
puts are controlled by task-manager soft- 
ware. The task-manager software sched- 
ules and dispatches computing tasks, 
assigning priorities according to prescribed 
rules. 

Window-manager software provides sup- 
port for the display adapters of the video 
output terminal of the computer. Functions 
include swapping video pages with data 
in storage in the disk memory, selection 
of the active window, and pulldown menus. 
Each foreground task has a direct link to 


the window-manager software; one pur- 
pose of this link is to provide the pulldown 
menus that assist the user in the task. The 
window-manager software coordinates the 
mouse input from designated positions on 
the pulldown menus. 

Data can be displayed in a variety of 
formats, including single traces and col- 
ored multiple traces. For each format, the 
time scale can be varied to display single 
events or long-term trends. The displayed 
data can be edited graphically. The rate 
of sampling and the channels from which 
data are to be stored in the disk memory 
can also be chosen via the display software 

This work was done by John C. 
McKeeman and P William Remaklus of ' 
Virginia Polytechnic Institute and State 
University for NASA’s Jet Propulsion 
Laboratory. For further information, Cir- 
cle 9 on the TSP Request Card. 
NPO-18190 
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Facility Measures 
Magnetic Fields 

Objects are magnetically 
characterized and, to the extent 
possible, magnetically 
compensated. 

NASA's Jet Propulsion 
Laboratory, Pasadena, California 

A partly automated facility (see figure) 
measures and computes the steady near 
magnetic field produced by an object. The 
facility was designed primarily to deter- 
mine the magnetic fields of equipment to 
be installed on spacecraft that include sen- 
sitive magnetometers, with a view toward 
the application of compensating fields to 
reduce interference with the spacecraft- 
magnetometer readings. However, because 
of its convenient operating features and 
the sensitivity of its measurements, the 
facility could serve as a prototype for simi- 
lar facilities devoted to magnetic charac- 
terization of medical equipment (e.g., for 
nuclear-magnetic-resonance imaging), 
magnets for high-energy particle acceler- 
ators, and magnetic materials. 

The facility can measure the magnetic 
field of an object of any size up to about 
1 m in its maximum linear dimension. Be- 
cause of accuracies associated with the 
computerized data acquisition vs. the old 


method of manually reading pen-drawn 
plots, the new system provides three times 
the sensitivity of the best prior facility of 
this kind. A computer controls the opera- 
tions of the measuring equipment, inte- 
grates these operations with the acquisi- 
tion and processing of the measurement 


data, and produces analyses of the data 
in nearly real time. The test technician ex- 
erts overall control via a computer work- 
station. “ User-friendly” software eases the 
technician’s task by providing menus of 
options and easy-to-understand instruc- 
tions. 

The object under test is placed on a test 
table that rotates about a vertical axis to 
a specified angular position. A magnetom- 
eter probe set at a specified horizontal and 
vertical position measures the three com- 
ponents of the magnetic field. Under the 
technician’s supervision and direct con- 
trol by the computer, this measurement 
procedure is repeated for a number of an- 
gular positions of the table in rotations 
about each of the three principal axes of 
the object under test and for a number of 
linear positions of the probe, thereby ob- 
taining a map of the magnetic field sur- 
rounding the object. To simplify the acqui- 
sition, processing, and interpretation of 
data, the natural magnetic field of the Earth 
is canceled to the extent practicable: a set 
of orthogonal Helmholtz coils produces a 
compensating field, resulting in a 1-m 3 
volume of zero ambient magnetic field 
around the test table. 

The three components of magnetic field 
from each measurement are used to com- 
pute the radial component in a spherical 
coordinate system centered on the axis of 
rotation in the test object. The computer 



The JPL Magnetics Facility, housed in a laboratory room, maps the radial component 
of the magnetic field produced by an object. The facility can measure fields as small 
as a few nanoteslas. 
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program performs a fifth-order spherical- 
harmonic analysis of the radial component 
of the magnetic field on the imaginary 
spherical surface on which the measure- 
ments are performed. This analysis yields 
the dipole and quadruple moments of the 
magnetic field. Other data products in- 
clude plots of the magnetic field in various 
coordinate systems. 

The ease of data analysis aids rapid 
turnaround when it is desired to “compen- 
sate” objects (reduce the field by an op- 


An apparatus measures the spectral 
widths of the light emitted by GaAs or other 
narrow-linewidth diode lasers at wave- 
lengths between 800 and 900 nm. Operat- 
ing on a quasi-homodyne or self-hetero- 
dyne principle, the apparatus provides 
relatively high spectral resolution: it can 
measure spectral widths of the order of 
100 kHz. In comparison, the best resolu- 
tion obtainable from a Fabry-Perot etalon 
at wavelengths from 800 to 900 nm is 
about 12 MHz. 

In the apparatus (see figure), the light 
from the diode laser under test is sent 
along two arms of an interferometer. An 
acousto-optical modulator in one arm 
shifts the frequency of the light in that arm 
by 200 MHz. The other arm is a delay line 
that consists of a single-mode optical fiber 
1.2 km long. The outputs of the two arms 
are summed in an avalanche photodiode. 


The measurement of angle with respect 
to the local vertical is important in wind- 
tunnel testing and other applications. This 
problem is compounded if it is necessary 
to make this measurement in two axes 
simultaneously. In some wind tunnels, 
models can be set to roll angles over a 
360° range and to pitch angles over a 


posing compensating permanent magnet) 
to reduce their residual fields. 

This work was done by Shawn B. 
Honess, Pablo Narvaez, and James M. 
McAuley of Caltech for NASA's Jet Pro- 
pulsion Laboratory. For further informa- 
tion, C/rc/e 25 on the TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, NASA Resi- 
dent Office-JPL [seepage i6]. Refer to 
NPO-18187. 


The output of the photodiode is viewed 
on a spectrum analyzer. The spectrum in- 
cludes a spike at the 200-MHz beat note 
and a Lorentzian distribution (a measure 
of incoherence) around the spike. The half 
width at half maximum of the Lorentzian 
component is considered to be the spec- 
tral width of the laser light. The fine spec- 
tral resolution of this apparatus can pro- 
vide data relevant to the use of AIGaAs 
diode lasers in such applications as co- 
herent optical communication through free 
space and injection seeding of solid-state 
lasers. The data can also be used to ex- 
plore the connection between the lifetimes 
and spectral widths of diode lasers. 

This work was done by Babak Saif and 
Bernard D. Seery of Goddard Space 
Flight Center No further documentation 
is available. 

GSC-13397 


reasonably wide range. Sensors are gen- 
erally employed to determine the attitudes 
of such models, but it is always necessary 
to verify the calibration of the sensor(s) in 
each model before and after a wind-tunnel 
test. Conventional inclinometers, which are 
generally used for this task, have distinct 
disadvantages in weight, size, readability, 
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Self-Heterodyne Laser-Spectrum Analyzer 

Spectral widths of as little as 100 kHz can be measured. 

Goddard Space Flight Center, Greenbelt, Maryland 



The Heterodyne La- 
ser-Diode Spectro- 
meter resolves the 
spectrum of a laser 
diode to as little as 
100 kHz. 


Digital Pitch-and-Roll Monitor 

A compact inclinometer is precise and prints out 
readings on demand. 

Langley Research Center, Hampton, Virginia 



66 Circle Reader Action No. 316 



is worth a thousand 
equations of motion. 


When was the Iasi time you com- 
pleted a design analysis ahead of schedule? 
Or the last time you felt you had studied 
the problem as thoroughly as neccessary? 

If you're still analyzing your 
mechanical systems by hand, writing 
your own code for large-displacement 
kinematics and dynamics, or waiting 
around for test results from the lab, you 
may be wasting your time. Instead, you 
could be solving more advanced analysis 
problems, or answering more “what if 
questions. You could be using ADAMS.® 


ADAMS is an engineering soft- 
ware tool for multibody system analysis. 

It lets you produce sophisticated, non- 
linear dynamic models of your products or 
mechanisms in a fraction of the time it takes 
using other methods. It lets you predict 
and visualize your product's performance 
with graphic animation and x-y plots. 

Built-in libraries of model com- 
ponents (joints, forces, constraints and 
contacts) and an intuitive graphical user 
interlace slash the time required for model 
building and analysis. 

Circle Reader Action No. 548 


Advanced functions for flexibility, 
controls, and android modeling let you 
expand your analytic capabilities even 
further. 


You want to do a better job of 
multibody system analysis? Get ADAMS. 
And get the picture. 

For more 
information, call 

313/994-3800. 



Mechanical 

Dynamics 


and the like. Other types of angle sensors 
are available but have either limited range 
or limited accuracy. 

Consequently a small, highly accurate 
inclinometer has been developed. This in- 
clinometer monitors both pitch and roll 
simultaneously and can provide printed 
output on demand. The inclinometer in- 
cludes three mutually perpendicular ac- 
celerometers and signal-conditioning cir- 
cuitry that converts the outputs of the 
sensors to digital values of pitch and roll. 
The accelerometers are mounted on an 
inclinometer base. Three digital multime- 
ters have been modified to supply power 


Books and Reports 

These reports, studies, handbooks are avail- 
able from NASA as T echnical Support Pack- 
ages (TSP's) when a Request Card number 
is cited; otherwise they are available from 
the National Technical Information Service. 

Research on Controls 
and Displays for 
V/STOL Airplanes 

Advanced control 
systems are needed 
for complicated maneuvers 
under adverse conditions. 

A report describes continuing research 
into electronic control and display systems 
for vertical/short-takeoff-and-landing 
(V/STOL) aircraft. The objective of this 
research is to develop advanced digital 
control systems ("fly-by-wire” systems) 
that will integrate flight and propulsion con- 
trols. These systems are intended to ena- 
ble pilots to perform complicated landing 
maneuvers, including transitions from hori- 
zontal to vertical flight under visual and in- 
strument flight conditions and landing in 
bad weather on the decks of heaving ships, 
in confined spaces, and at ill-prepared 
sites. The thrust of the research described 
in the report is toward the eventual demon- 
stration of such a system in NASA’s 
V/STOL Research Aircraft (VSRA). 

A major technological challenge is posed 
by the complicated interaction of kinemat- 
ics, aerodynamics, and propulsive forces 
and moments during the transition from 
airborne (horizontal) to jetborne (vertical) 
flight, as reflected in poor flying qualities 
and limited control authorities. The pilot’s 
control problem during the transition is ag- 
gravated by the general degradation of fly- 
ing qualities with the increase in depen- 
dence on powered lift, and by additional 
control requirements related to thrust vec- 
toring, and to ignition or switching of flow to 
lift-augmenting devices. The development- 
al advanced control systems are intended 
to integrate the propulsive and aerody- 
namic controls and displays in ways that 


to the accelerometers and digitize their 
outputs. A small programmable calculator 
computes the angles, and a printer pro- 
vides hard-copy output. 

The displays of the multimeters provide 
visual readout of pitch and roll directly in 
degrees. The system can be operated 
from 115 Vac or from internal batteries. The 
system has a resolution of 0.001° and an 
accuracy of approximately ±0.005°. The 
computer program provides for using an 
alternate reference instead of reading ab- 
solute angles. This simplifies mounting the 
inclinometer on a model at some location 
other than the zero-reference surface. 


This inclinometer is based on work done 
in support of the National Transonic Facili- 
ty, which has used this inclinometer or its 
prototype since 1984. In addition to its 
wind-tunnel applications, this system could 
be useful in any application involving 
steady-state, precise sensing of angles, 
such as the calibration of robotic devices 
and positioners. 

This work was done by Tom D. Finley 
of Langley Research Center, Jeff Brown 
of Virginia Governor's School, and Ryland 
Campbell of Wyle Laboratories. For further 
information, Circle 148 on the TSP Request 
Card LAR-14247 


minimize the design requirements for ex- 
cessive propulsive capability, yet enhance 
the precision of the flightpath and the ability 
to operate in adverse weather. 

This report reviews results of several in- 
vestigations, in the Ames Research Center 
Vertical Motion Simulator, of fixed-wing 
V/STOL aircraft performing decelerating 
approaches under instrument flight condi- 
tions, followed by recovery to confined 
landing pads or aboard ships. It describes 
flight experiments to be conducted on the 
NASA VSRA to substantiate the results of 
the simulation. 

From the simulations, contributions of 
control augmentation and integrated elec- 
tronic displays to the operation of these air- 
craft in adverse weather and aboard ships 
have been defined. In particular, for the de- 
manding task of a decelerating approach 
to hover on instruments, aircraft with vec- 
tored-thrust capability may require some 
form of decoupled flightpath and longitudi- 
nal-acceleration command in addition to 
attitude command to achieve satisfactory 
flying qualities. Further, a cockpit display 
that integrates situation and command in- 
formation is essential to success in these 
operations. 

For the vertical landing under such de- 
manding tasks as recovery to a small ship 
over a range of weather conditions, a ve- 
locity-command system is required to 
achieve satisfactory flying qualities. Opera- 
tions from larger ships or from austere 
land-based sites can be accomplished sa- 
tisfactorily with attitude or, in some cases, 
with rate-command systems. 

On the basis of the results of the simula- 
tions, a program has been defined to modi- 
fy the VSRA to conduct experiments to 
evaluate these control-augmentation and 
display concepts in flight. First, a motion- 
base simulation was performed to evalu- 
ate the acceptability of a limited-authority 
control system for the VSRA that has the 
potential to create a research capability for 
in-flight evaluation of advanced V/STOL 
control and display systems as well as the 
ability to validate the results of previous 
simulations. The results of this simulation 
showed that the limited-authority control 


system will provide an acceptably capable 
system within budgetary constraints. 

The flight-research program is being 
conducted in two phases: the first phase is 
concentrating on developing a data base 
on the aircraft, and the second phase will 
include development and evaluation of the 
integrated control and display concepts for 
the terminal-area flight regime. A Phase I 
experiment has been conducted to assess fi- 
delity of the simulation of the YAV-8B Harrier 
prototype aircraft (of which the VSRA is a 
modified version) in hover by use of a pre- 
cise hover task. Pilot ratings, pilot com- 
ments, and task-performance measures 
established correspondence of the simu- 
lated and actual YAV-8B in hover. Other 
Phase 1 experiments have gathered data 
that are being used to improve the aerody- 
namic and propulsion mathematical 
models of the VSRA. 

During the Phase II flight program, eval- 
uations of integrated flight and propulsion 
control modes, formats of head-up dis- 
plays, and guidance concepts will be con- 
ducted during takeoff, transition, hover, 
and landing operations under visual and 
simulated instrument meteorological con- 
ditions. Subjective assessments by pilots 
and measurements of precision of tasks 
and control-authority requirements will be 
made. Results will be used to define meth- 
ods to improve the current capability for 
operation in bad weather, establish opera- 
tional procedures for use of the advanced 
systems, and substantiate tentative design 
criteria obtained from analytical studies 
and simulation experiments. 

This work was done by John D. Foster, 
Ernesto Moralez, III, James A. Franklin, 
and Jeffery A. Schroeder of Ames Re- 
search Center Further information may 
be found in NASA TM-100029/N88-13359], 
" Integrated Control and Display Research 
for Transition and Vertical Flight on the 
NASA V/STOL Research Aircraft (VSRA). n 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (800) 3364700. ARC-12215 
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Ultra-High-Spectral-Resolution X-Ray/EUV Monochromator 

Multilayer Bragg-reflection coats would be combined with diffraction gratings. 

Marshall Space Flight Center , , 

A proposed monochromator for soft x 
rays and extreme ultraviolet (EUV) radia- 
tion would include diffraction gratings and 
mirror surfaces coated with alternating 
layers of high- and low-atomic-number ma- 
terials to produce Bragg reflection (see 
figure). The instrument would have mod- 
erate throughput and a very high spectral 
resolution. It would have a relatively low 
cost and could be constructed and aligned 
easily. 

The multilayer coat on the grating would 
reflect electromagnetic radiation in a nar- 
row band of wavelengths, with peak reflec- 
tion at a middle wavelength that would 
meet the Bragg condition, n\ = 2D sin0, 
where D is the center-to-center spacing 
of successive layers of the same material 
in the multilayer, 0 is the angle between 
the incident beam and the surface of the 
grating or mirror, n is an integer that 
specifies the order of the diffraction, and 
X is the wavelength. The grating structure 
would disperse the selected wavelength 
band into a series of diffraction orders on 
either side of the specularly reflected 
zeroth diffraction order. Where radiation in 
one of these dispersed orders struck the 
mirror, the mirror would reflect only the por- 
tion of the beam, the wavelength and 
angle of incidence of which satisfied the 
Bragg condition. The desired wavelength 
could be selected by adjusting the angle 
of the grating and mirror. Typically, the 
grating and mirror would be maintained 
parallel to each other, and the angle 0 be- 
tween them and the input beam would be 
adjusted by a parallelogram linkage. 

In some applications, additional slits or 
other apertures might be required to re- 
ject undesired wavelength components. 

Foil filters could be used at the input to 

Telescope Would Image X and y Rays 

The advantages of focusing optics would be made available at high photon energies. 

Marshall Space Flight Center, Alabama 

A proposed telescope would form im- energies from 3 to 30 keV), and soft x rays grazing-incidence focusing optics, which 

ages of sources of y rays (photon energies (photon energies from 0.2 to 3 keV). The were previously available only at photon 

from 30 to 100 keV), hard x rays (photon telescope would offer the advantages of energies of less than 10 keV. The telescope 




The Ultra-High- 
Spectral-Resolution 
X-Ray/EUV Mono- 
chromator would 
depend on Bragg re- 
flection from multi- 
layer coats and dif- 
fraction by a multi- 
layer-coated grating 
to select a narrow 
wavelength band from 
an input beam. 



limit the wavelength range accepted. 

In preparation for coating, the mirror 
and grating substrates would have to be 
made optically flat to within 1/20 wave- 
length of visible light, with a root-mean- 
square roughness of less than 3 A . Sur- 
face roughnesses in the range 0.5 to 3 A 
could be produced by advanced flow 
polishing, float polishing, or ion polishing. 
Suitable substrate materials include silicon 
carbide, fused silica, and sapphire. 

To make a typical grating surface, 500 
to 1,500 lines per mm would be cut into 
the substrate by mechanical or holograph- 
ic ruling or by anisotropic etching. Suitable 
pairs of materials for multilayer coating in- 
clude rhenium/carbon, tungsten/carbon, 
and molybdenum/silicon. A typical coat 
could consist of as few as 20 or as many 
as 1,000 layers. 

By changing the grating and mirror 
components, one could configure the 
monochromator to operate at any wave- 
length from 10 to somewhat more than 
400 A. Alternatively or in addition, the in- 
strument could be constructed with multi- 
ple sets of gratings and mirrors arranged 


like slats in a Venetian blind. One grating- 
and-mirror pair would cover a portion of 
that range with a wavelength ratio of about 
V3 as the angle of incidence of the input 
beam varied from 30° to 60°. 

The instrument is intended for use with 
high-intensity x-ray/EU V beams now avail- 
able from synchrotrons, laser plasma 
sources, free-electron lasers, wigglers, and 
the like. Its monochromatic output beam 
of accurately known wavelength would be 
very useful in the testing and calibration 
of x-ray telescopes, x-ray microscopes, 
photographic films, and photodetectors; in 
research in biological and biomedical dis- 
ciplines, x-ray crystallography, the proper- 
ties and processing of materials, and x- 
ray lasers; and in x-ray lithography. 

This work was done by Richard B. 
Hoover of Marshall Space Flight Center 
For further information, Circle 66 on the 
TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 16]. Refer 
to MFS-28500. 
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The 7-Ray and/or X-Ray Telescope would contain-reflecting, grazing-incidence reflectors. One 
pair of reflectors is shown here, but multiple coaxial nested pairs could be used to form images 
simultaneously at multiple 7-ray or hard-x-ray photon energies or to enhance the collection area 
at a single photon energy. 


was conceived for use in astrophysical 
studies in outer space. With modifications, 
it could be used in terrestrial laboratory 
vacuum systems to image x or 7 rays from 
pulsed plasmas, for example. 

The version of the telescope illustrated 
in the figure would include two coaxial, 
spherical, grazing-incidence reflectors. 
The reflector substrates would be made 
of sapphire, ground to within 1/20 visible- 
light wavelength of the desired surface 
figures, and polished to roughnesses of 
less than 3 A root-mean-square. The 
polished surfaces of both reflectors would 
be coated with Bragg-reflecting alternating 
layers of high- and low-atomic-number ma- 
terials (e.g., tungsten and carbon). The 
spacing of the layers would be chosen so 
that, at the wavelength or photon energy 
at which the image is to be formed, the 
peak Bragg reflection would occur at the 
design grazing angle of incidence. The sur- 
face figures would be chosen according 
to the field of view and other optical re- 
quirements: typically, the primary reflec- 
tor would be a paraboloid, while the sec- 
ondary would a hyperboloid. 

At photon energies less than a value 
(typically, 0.5 keV) that depends on the den- 
sity of electrons in the high-atomic-number 
surface layers, the reflectors would op- 
erate by conventional grazing-incidence 
reflection. This means that the telescope 
would also focus visible light, which is un- 


A proposed microscope would form im- 
ages of sources of radiation or of irradiated 
specimens at 7-ray (30 to 150 keV), hard- 
x-ray (3 to 30 keV), or soft-x-ray (0.2 to 3 
keV) photon energies. The microscope 
would collect and focus radiation to pro- 
duce images with moderate spectral reso- 
lution and high spatial resolution. Also, 
because it would use more of the incident 
radiation than do conventional pinhole 7- 
ray and hard-x-ray imaging devices, the mi- 
croscope would enable the use of smaller, 
cheaper, better-shielded detectors. This 
combination of features would provide new 
information of unprecedented value in sev- 
eral fields of research — for example, in 
probing the fine structures of pulsed plas- 
mas, investigating minute variations in the 
structures of material specimens that can 
be penetrated only by hard-x or 7 rays, or 
in producing maps of distributions of radio- 
isotopes in biological specimens. 

The microscope would include two co- 
axial, aspherical, Bragg-reflecting, graz- 
ing-incidence reflectors. The principles of 
its design and operation would be essen- 
tially the same as those of the telescope 

NASA Tech Briefs, September 1991 


desired in the intended application. There- 
fore, to prevent visible light from reaching 
the imaging detector at the focus, the tele- 
scope would include a filter, which would 
ically be made of aluminum foil 2,500 
thick on a nickel mesh. Such a filter 
would be opaque to visible light but highly 
transmissive for extreme-ultraviolet and 
higher-energy photons. This filter could be 
mounted in a wheel along with other foil 
filters designed to isolate different portions 
of the soft x-ray spectrum. Thus, by rota- 
tion of the wheel to bring one of the filters 
into the focused beam, one could select 
an image in x rays or hard 7 rays (formed 
by Bragg reflection) or by soft x rays 
(formed by conventional grazing-incidence 
reflection). 

The imaging detector could be photo- 


described in the preceding article, "Tele- 
scope Would Image X and 7 Rays" (MFS- 
28482). As in visible-light imaging systems, 
the difference between the telescope and 
the microscope would lie mainly in the 
shapes and positions of the optical sur- 
faces. In the microscope, the primary 
reflector would be a hyperboloid, while the 
secondary reflector would be an ellipsoid. 

The microscope would have to be either 
operable in a vacuum system or con- 
structed to enclose a vacuum for efficient, 


graphic film or any of a variety of arrays 
of electronic 7-ray or x-ray detectors. If 
high sensitivity and/or real-time imaging 
capability were not required, photographic 
film would ordinarily be preferred because 
of its high spatial resolution. The specific 
photographic film could be chosen from 
among the many commercially available 
x- and 7-ray films. 

This wo rk was done by Richard B. 
Hoover of Marshall Space Flight Center 

For further information, Circle 67 on the 
TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 16]. Refer 
to MFS-28482. 


nonscattering transmission of the x and 
7 rays. The source or specimen to be im- 
aged would be placed at the object plane 
of the grazing-incidence reflectors in the 
vacuum. A specimen could be mounted 
on a translation stage for scanning. 

This work was done by Richard B 
Hoover of Marshall Space Flight Center 
For further information, Circle 66 on the 
TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 16]. Refer 
to MFS-28484. 



The 7-Ray and/or X-Ray Microscope would contain Bragg-reflecting, grazing-incidence 
reflectors, a filter wheel, and a detector like those of the telescope in the preceding 
article. As in the case of the telescope, multiple nested coaxial pairs of reflectors (not 
shown here) could be used to form images simultaneously at multiple wavelengths. 


Microscope Would Image X and 7 Rays 

High spatial and moderate spectral resolution would yield 
new information in several fields of research. 

Marshall Space Flight Center, Alabama 
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Two-Dimensional Acousto-Optical Spectrum Analyzer 

Spectral resolution is extended to about 10 5 channels. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A state-of-the-art two-dimensional 
acousto-optical spectrum analyzer proc- 
esses an input radio-frequency signal in 
real time into components in any number 
of spectral channels up to about 10 5 . The 
best prior two-dimensional acousto-optical 
spectrum analyzer was limited to about 
15,000 spectral channels. 

Figure 1 illustrates the general princi- 
ple of two-dimensional acousto-optical 
spectrum analysis, in which the coarse 
spectral resolution is provided by “space- 
integration” analysis in the x dimension 
and the fine resolution is provided within 
each coarse resolution cell by “time-in- 
tegration” analysis along the y (orthogonal 
to x) direction. The input radio-frequency 
signal to be analyzed is launched via a 
transducer into an acousto-optical device 
along the x axis. The acousto-optical de- 
vice thereby becomes a Bragg cell. Pulsed 
plane waves of light from a laser are aimed 
at the Bragg cell, which spatially modu- 
lates the phases of the plane waves and 
diffracts the waves according to the pat- 
tern of the acoustic signal. 

The diffracted light passes through a 


lens, which forms the spatial Fourier trans- 
form of the spatial phase modulation onto 
photodetectors arrayed along the x direc- 
tion. The distance of each detector along 
the x direction from the optical axis or 
other reference line is proportional to the 
frequency of a component of the signal 
being analyzed. The coarse frequency 
resolution and the useful number of detec- 
tors along the x direction depend on the 
time-bandwidth product of the Bragg cell. 
In practice, the frequency resolution of this 
“space-integration” technique is typical- 
ly of the order of tens of kilohertz. 

Continuous laser light could be used in 
the space-integration technique, but the 
laser is pulsed to introduce a temporal 
phase factor into the signal detected in 
each coarse-resolution channel. The fre- 
quency of each such factor is the frequen- 
cy of the corresponding spectral compo- 
nent of the input signal aliased by the 
pulse-repetition frequency of the laser. If 
the pulse-repetition frequency is chosen 


to be twice the coarse frequency resolu- 
tion, then the frequency of this temporal 
phase factor specifies the exact frequen- 
cy of the spectral component within the 
given coarse frequency channel. 

With this choice, the time-integration 
technique can be used to segment each 
coarse frequency channel into fine fre- 
quency channels. A signal composed of 
reference functions is launched into a sec- 
ond Bragg cell along the y direction. A train 
of diffracted, spatially phase modulated, 
light beams emerges from the Bragg cell 
and is imaged onto detectors arrayed 
along the y direction in the same plane 
with the space-integrating detectors. The 
reference functions are chosen such that 
they form a sampled, temporal, linearly 
distributed local oscillator ‘along the y di- 
rection. The product of each reference- 

Figure 1. Acousto-Optical Integrations in 
Space and Time produce the coarse and fine 
resolutions, respectively, of the spectrum of 
the input signal. 



MT! has the answer for noncontact, high-precision 
measurement of displacement and vibration. Now 
the MTI-2000 Fotonic™ Sensor outperforms the 
competition with resolution to 0.01 microinch 
(that's 2.5 A). 

No other fiber-optic sensor system can match this 
performance plus frequency response to 200 kHz, 
small probes down to 0.02" diameter, visible light 
spot, and dual-channel capability. 

Call 1 - 800 - 342-2203 for a free brochure. 
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Gould recorders show up 
in the most convenient places. 
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Introducing the first family of digital 
recording oscilloscopes. 

Now you can get the power of a digital 
storage oscilloscope with the built-in con- 
venience of traditional recording. 

Gould recognizes that physical testing is 
extremely demanding. That’s why we’ve 
designed a family of Digital Recording 
Oscilloscopes (DROs™) with features 
that let you: 

□ Capture and record up to eight 
channels simultaneously 

□ Record off-ground measurements 
with isolated or differential inputs 

□ Capture and record single shot 
events with 50 nanosecond 
resolution 

□ Use the built-in thermal array 
recorder for: 

- continuous trend recording 

- screen dump of selected data 

- output of a segment of memory 
or the complete memory 

All this in a single, portable package. 

For more information and a free Gould Guide to 
DSO/DROs diskette, call (216) 328-7000 or use the 
coupon below. Because if you think the Gould DRO 
sounds good, you ought to see it on paper. 




Send to: Gould, Inc., Test and Measurement Group, 8333 Rockside Rd., 
Valley View, Ohio, 44125 or call (216) 328-7000, FAX: (216) 328-7400. 
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function line with the space-integrated 
spectral peaks is then formed on a two- 
dimensional (x and y) array of photodetec- 
tors that implements the x and y arrays 
mentioned separately above. The array 
then forms the sum (in effect, the integral 
over time) of these products over a se- 
quence of reference functions. After this, 
the intensity within each coarse frequency- 
resolution channel is no longer uniform 
along the y direction, but time-integrated 
peaks appear at the locations along the 
y direction where the aliased component 
frequencies of the signal match the sam- 
pled temporal frequency of the distributed 
local oscillator. The location of the time- 
integrated spectral peaks along each 
coarse frequency ridge is thus proportional 
to the relative fine frequencies of the spec- 
tral components thus represented. The 
width of each time-integrated peak, which 
is inversely proportional to the number of 
the reference-function lines over which the 
time integration is taken, determines the 
fine frequency resolution of the system. 

Figure 2 illustrates the preferred, sep- 
arate-optical-path method for combining 
the space- and time-integration functions 
into a single apparatus (an alternative 
common-path method entails additional 



Figure 2 Space and 
Time Integrations 

are combined by plac- 
ing the two acousto- 
optical cells in differ- 
ent arms of a Mach- 
Zehnder interferom- 
eter. 


technical difficulties and complications). 
In this method, the input-signal and refer- 
ence-function Bragg cells are in two differ- 
ent arms of a Mach-Zehnder interferom- 
eter, and the amplitudes of the space- and 
time-integrated beams are added in a 
beam splitter before the beams are pro- 
jected onto the array of charge-coupled 
devices. The products of the amplitudes 


are formed on the charge-coupled devices 
by square-law detection. 

This work was done by Homayoon 
Ansari and James R. Lesh of Caltech and 
Brian Metscher of the University of Califor- 
nia at Irvine for NASA’s Jet Propulsion 
Laboratory. For further information, Cir- 
cle 60 on the TSP Request Card. 
NPO-18092 


K( Collectors of Airborne and Spaceborne Particles 

Simple units go directly into optical, electron, or x-ray analysis equipment. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


Brushlike collectors capture samples of 
dust and other particles in space vacuum 
or air for optical, scanning-electron-micro- 
scope, and/or x-ray analysis. The collec- 
tors gently decelerate the particles without 
damaging them, minimizing the tendency 
of some particles to rebound. Depending 
on the design of a specific collector of this 
type, it can capture particles ranging up- 
ward in size from fractions of a micrometer 
to a few micrometers. 

A collector of this type resembles a 
stubby, round brush. It consists of an ar- 
ray of fibers embedded in a matrix. In a 
typical application, the collector would be 
oriented with the fibers parallel to the di- 
rection of the impinging particles (see fig- 
ure). The free ends of the fibers can be 
tapered to facilitate the entry of the par- 
ticles into the interstices of the array. As 
particles arrive, they are accepted and re- 
tained. The fibers can be clustered loose- 
ly or tightly to suit the expected sizes and 
rebound properties of the particles. 

A collector of this type can be fabricated 
by embedding parallel fibers in the matrix 
material, then etching the matrix away to 
the desired depth with an oxygen plasma 
to expose the ends of the fibers, leaving 
enough of the matrix material to form a 
supporting base. The oxygen plasma can 



Particles Flow Into a Brushlike Array of 

fibers with the airstream. The fibers trap 
particles for subsequent analysis. 


also be used to thin and taper the ends 
of the fibers as necessary. 

After samples have been captured, the 
collector serves as a holder for analyzing 
them. Viewed on end, the fibers appear 


black and thus provide a contrasting back- 
ground for microscopic inspection. The 
known sizes and spacing of the fibers pro- 
vide a reference scale for determining the 
sizes of the captured particles. A reference 
grid can also be etched into the array. 

The fibers can be made of carbon, a 
low-atomic-number material. This improves 
contrast in scanning electron microscopy 
(by minimizing backscatter and secondary 
electrons) and in x-ray analysis (by mini- 
mizing x-ray background). The fibers are 
electrically conductive, and it should not 
be necessary to apply conductive coats 
to the captured particles. The fibers are 
also good thermal conductors and should 
readily dissipate heat generated by im- 
pacts of particles. 

Unlike collectors of other types, the car- 
bon-fiber units are not ordinarily coated 
with sticky materials, which may not en- 
dure well under some collection condi- 
tions. Furthermore, particles in fiber col- 
lector are fixed and do not sink below the 
surface as they do in a viscous adhesive. 

This work was done by Robert E. Frazer 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, Cir- 
cle 58 on the TSP Request Card. 
NPO-18183 
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NOW THAT 10GB FITS 

ON AN 8JIIIM TAPE, WHAT ARE 
YOU WAITING FOR? 


iHl 10,240 MB Remaining 800 KB/S 00.3 ’/. ECC ■ 



True "Plug-And-Play" Compatibility With: 

Alliant 

DEC 3100 

IBM S/36 

Fertec 

Alpha Micro 

DECHSC 

IBM AS/400 

Plexus 

Altos 

DEC Q Bus 

Macintosh 

Prime 

Apollo 

DECTU/TA81 

NCR 

Pyramid 

Arix 

DEC Unibus 

Novell 

Sequent 

AT&T 

Gould 

PC386/H 

Sun 

Convergent 

HP 

PC MS DOS 

Unisys 

Data General 

IBM RT 

PC Xenix/Unix 

Wing 


and more... 



You don’t need to wait hours to 
change tapes. 

You don’t need to wait months for 
other storage technologies to catch up. 

One 8 mm tape drive will already 
deliver more than they promise. 

It’s the digital CY-8200, now with 
optional data compression. And you 
can get it exclusively from Contemporary Cybernetics Group. 

With data compression, the CY-8200 can quadruple 
the amount of data you can load on an 8mm cassette that 
fits neatly in your shirt pocket Meaning the already 
tremendous savings in man hours, media costs, storage and 

shipping are multi- 
plied by four. 

Until now, the 
best8mmdriveon 
the market stored 
an impressive 
2.5 GB per tape at 
speeds up to 15 MB 
per minute. 



Our data compression option allows 
you to write up to 1 0 GB per tape at up 
to 60 MB per minute. Completely 
unattended. 

Of course, the data compression 
feature is switch -selectable, so you can 
turn off data compression to read and 
write standard 8mm tapes. 

Plus it’s a simple upgrade for the best tape drive built: 
our CY-8200. Offering a complete range of standard 

interfaces, a 2-line, 40-column 
display option, and optional 
security card encryption. And 
assuring you of full support and 
a 12-month warranty from the leader in advanced 8mm 
helical scan technology. 

The CY-8200 with data compression will remain the 
best value in data storage for a long time to come. So 
now you’ve got many good reasons for calling us today 
at (804) 873 - 0900 contemporary 
and no good reason 
for waiting. 



CYBERNETICS 


k Landing Corporate Center- 11846 Rock Landing -Newport News, Virginia 23606 -Phone (804) 873-0900 -FAX (804) 873-8836 


Circle Reader Action No. 41 1 




Nonequilibrium thermochemical effects are taken into account. 
Ames Research Center, Moffett Field, California 


An algorithm simulates the three-dimen- 
sional hypersonic flow of air or another mix- 
ture of gases around a blunt body. It ac- 
counts for nonequilibrium thermochemical 
effects via a two-temperature mathematical 
model of molecular excitations and equa- 
tions for finite-rate chemical reactions. These 
equations are fully coupled to the fluid dy- 
namical equations. 

The mathematical derivation of the al- 
gorithm begins, as is customary, with the 
Navier-Stokes equations for the flow of a 
viscous, incompressible fluid. These equa- 
tions are put in conservation-law form, then 
transformed into generalized coordinates 
that conform to the body at its surface. The 
resulting intermediate set of equations rep- 
resent the conservation of the masses of 
the various chemical species, the conser- 
vation of total mass, the conservation of 
momentum, the total thermochemical en- 
ergy density, and the molecular-vibrational 
component of the thermochemical energy 
density. The latter two equations represent 
the two-temperature model, in which the 
following are assumed: (1) the translational 
and rotational components of molecular 
kinetic energy equilibrate immediately, so 


that they are represented by a single transla- 
tional temperature, T\ and (2) a single vibra- 
tional temperature, 7 V , characterizes the vi- 
brational state of all polyatomic species 
present and equals the temperature of all 
electrons. 

The vibrational component of heat con- 
duction is incorporated via a mathematical 
model for the rate of exchange of energy 
between the vibrational and translational 
modes. The diffusion of chemical species 
is approximated by a combination of binary- 
diffusion models. Customary models for vis- 
cosity and the translational/rotational com- 
ponent of heat conduction are also includ- 
ed. The finite-rate equations represent the 
following chemical reactions: 

N 2 + M ^ 2N + M 
0 2 + M ^ 20+M 
NO + M ^ O + N + M 
NO 4-0 ^ N+0 2 
0+N 2 ^ N + NO 
N+0 ^ NO++e- 
where M can be any of the other species 
shown. The algorithm incorporates assump- 
tions about the dependencies of the forward 



These Interferograms show the density 
fringes in a flow of dissociating nitrogen 
across a circular cylinder at a speed of 
5.59 km/s. The upper fringe pattern was 
observed in an experiment. The lower 
fringe pattern is computed from a flow 
simulated by the algorithm. 

and reverse reactions upon T and T v . The 
finite-rate equations for these reactions are 
solved simultaneously with the global con- 
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servatkxvlaw equations. Without some kind 
of simplifying approximation, the resulting 
set of equations would be too large to be 
solvable on any but the most advanced su- 
percomputers. Here, the size of the problem 
is reduced by use of an underrelaxation com- 
putational process that limits the rate at 
which the gas can be computed to disso- 
ciate and ionize and prevents wild swings 
in mass fractions and temperatures. The 
gas is computed to relax gradually and 
stably to its steady-state compositions and 


temperatures. The simulation is not time- 
accurate, but it achieves the proper steady 
stata 

The algorithm has been tested by com- 
parison of its predictions with those of other 
algorithms and with measurements. It has 
been found to compute hypersonic flows 
accurately (see figure). The benefits of the 
explicit formulation are particularly evident 
where the complexity of the body requires 
the use of patched coordinate grids. 

This work was done by Grant Palmer of 


Ames Research Center Further informa- 
tion may be found in AIM paper 89A-4321 7, 
“The Development of an Explicit Thermo- 
chemical Nonequilibrium Algorithm and Its 
Application to Compute Three Dimensional 
AFE Flowfields ." 

Copies may be purchased [prepayment 
required] from AIM Technical Informatbn 
Service Library, 555 West 57th Street, New 
York, New York 10019, Telephone No. (212) 
247-6500. 

ARC-12623 


Correlating DSC and X-Ray Measurements of Crystallinity 

The degree of crystallinity is roughly proportional to the heat of fusion. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


An experiment has demonstrated that 
there is an approximate linear correlation 
between the degree of crystallinity of a 
multiphase polymer (as calculated from x- 
ray diffraction measurements) and the 
heat of fusion of the polymer [as calculated 
from differential scanning calorimetry 
(DSC) measurements]. This correlation is 
the basis of a simple new technique for 
estimating the degree of crystallinity of 
specimens of the polymer from DSC 
measurements alone. 

The experiment was performed with 
specimens of polyvinylidene fluoride 
(PVDF), the microstructure of which con- 


sists of interspersed regions of an amor- 
phous phase and two crystalline phases 
(a and ff). PVDF was selected for study 
because its piezoelectric and pyroelectric 
properties make it an important material 
for use in sensors, because its dielectric 
properties make it an important material 
for use in capacitors, and because these 
properties depend on microstructural 
characteristics and crystallinity. 

Each specimen of PVDF was placed in 
an x-ray diffractometer and rotated (to 
average out orientational effects) while it 
was exposed to Cu Ka x-rays. The raw 
scattering pattern (intensity vs. angle) of 


each semicrystalline specimen, was re- 
corded, then normalized with respect to 
the thickness of the specimen and cor- 
rected for air scatter, Lorentz polarization, 
background counts, and incoherent scat- 
ter. Next, each specimen was heated on 
the diffractometer to 168 °C (almost the 
melting temperature for most specimens) 
to eliminate the crystalline phases and ob- 
tain a scattering pattern for the amorphous 
phase. After normalization and correction, 
this pattern was subtracted from the pat- 
tern from the semicrystalline condition to 
obtain the crystalline component of the 
scattering pattern. 


NEW ELMO MN401 SVHS 
COLOR CAMERA GOES 
TO VERY GREAT LENGTHS 
FOR YOU 



100 feet to be exact! That’s the cable length available with ELMO’S new MN401, the microdesign, super-high 
resolution (460 H lines) remote head W CCD color video camera system. Weighs less than one ounce. Can 
be installed virtually anywhere. Choice of cable lengths and six lenses, including 3, 4, 7.5, 15, 24mm and a 
7mm pinhole. 

The MN401 also features YC output for Super VHS, composite 
video output, 300,000 pixels, nine electronic shutter speeds from 
1 /60th to 1 /10,000th of a second to freeze action, view very 
intense illumination, and an ultra-miniature 17.5mm x 54mm 
rotating remote camera head. Our advanced new sensor corrects 
white balance at the speed of light for optimum color rendition. 

The advanced new ELMO MN401 is smartly priced about the 
same as its famous predecessor, the ELMO EM-102. 


So, if easy-to-install, extra-long cable and crystal clear images are 
important factors in your miniature CCD camera applications, the 
ELMO MN401 goes the extra distance for you. 

Get the complete technical specs and find out just how far that is. 

For fast action, call Vince Giovinco or any of our CCO/ITV 
experts at 1-800-654-7628. 




(MN401 Front Panel Shown Above) 

MN-401 REAR PANEL 

■ Outputs for both SVHS and composite video 

■ Internal /external sync terminal 

■ Adjustable electronic shutter- dial speeds up to 
1 /10.000th sec 

■ Subcarrier phase adjustment 
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From previous studies, it is known that 
the integral, over all angles, of the nor- 
malized and corrected intensity of scatter- 
ing from one of the phases is proportional 
to the amount of that phase in the speci- 
men. In this case, the constants of propor- 
tionality were obtained by calculating a 
linear regression between the integrated 
or-phase and integrated amorphous-phase 
intensities of different specimens and a 
similar regression for the 0 and amorphous 
phases. The resulting constants of propor- 
tionality were applied to the integrated 
scattering intensities of the specimens to 
obtain the fractions of a, 0, and amorphous 
phases. The degree of crystallinity of each 
specimen was then calculated as the sum 
of fractions of the a and 0 phases. 

The heat of fusion of each specimen 
was calculated by integrating to obtain the 
area under the endothermic portion of its 
DSC curve. The figure illustrates the cor- 
relation between the calculated degree of 
crystallinity and the calculated heat of fu- 
sion. In applying the new technique to 
other specimens of FVDF or another poly- 
mer, one would first calibrate by taking x- 
ray diffraction and DSC data to obtain a 
correlation like this one. Thereafter, one 
would estimate the degree of crystallinity 
of new specimens from DSC measure- 
ments alone by use of the proportionality 
indicated by this correlation. 



The Degrees of Crystallinity of specimens 
of PVDF (as determined via x-ray diffrac- 
tion) are correlated with their heats of 
fusion (as determined via differential 
scanning calorimetry). 


This work was done by Shiao-Ping S. 
Yen, Lynn E. Lowry, and Clyde P Bankston 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, Cir- 
cle 8 on the TSP Request Card. 
NPO-17958 


Books and Reports 

These reports, studies, handbooks are avail- 
able from NASA as Technical Support Pack- 
ages (TSP's) when a Request Card number 
is cited; otherwise they are available from 
the National Technical Information Service. 

Geographical Variations in 
Measured Lightning Fields 

Features of local terrain 
affect electric fields. 

A brief report describes a continuing 
program of measurements to determine 
variations, caused by the local terrain, in 
the vertical electric fields radiated by dis- 
tant lightning. The lightning electromagnet- 
ic field can be increased or decreased with 
respect to a nominal value, depending on 
the slope of the local terrain, the extent of 
local vegetation, and the distances, sees, 
and shapes of nearby structures. 

The study involves comparisons of 
measurements of the same lightning 
strokes taken at different sites. Each site is 
equipped with, among other things, a flat- 
plate antenna — essentially, a large 
parallel-plate capacitor that responds to 
frequencies up to a few MHz. The antenna 
at each site is mounted on the ground be- 
cause in that position its gain is well defined 
and is simply proportional to its area. 


Get up to 1 GHz Total Video Rate... 



with DALSA’s CCD Image Sensors!!! 


IDALSA INC. 

I CCD Image Sensors 


605 McMurray Road Phone: (519) 886-6000 
Waterloo, Ontario Fax: (519) 886-8023 

CANADA N2V 2E9 
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To obtain meaningful comparisons, it is 
necessary to take measurements for which 
the nominal vertical electric fields are 
equal at the sites being compared. The 
simplest way to assure this condition is to 
consider data from only those lightning 
strokes that occur at distances from the 
sites much greater than the distances be- 
tween the sites. The distances and/or loca- 
tions of the lightning strokes can be de- 
termined by an existing lightning-locating 
network. Alternatively, if the lightning is not 
detected by the network, then the distanc- 
es to the nearest clouds capable of pro- 
ducing lightning can be assumed to be the 
applicable distances and can determined 
by radar and/or satellite remote sensing. 

This work was done by Launa Maier of 
Kennedy Space Center. To obtain a copy 
of the report, " Measurement of Electro- 
magnetic Enhancement Due to Site Non- 
uniformities, " Grcle 41 on the TSP Request 
Card. KSC-11449 

Azimuthal Anisotropy 
in Radar Backscatter 
From the Ocean 

Minima are offset from the 
nominal crosswind directions. 

A report describes an experimental and 
theoretical study of the azimuthal anisotro- 
py in radar backscatter from the surface 
of the ocean. An important objective of this 
and related studies is to enhance the abili- 
ty to sense the speed and direction of the 
surface wind remotely by use of airborne 
or spaceborne radar. 

The essence of this kind of remote sen- 
sing is to synthesize knowledge of the rela- 
tionship between wind and waves with 
knowledge of the radar backscattering prop- 
erties of waves and thereby obtain a tech- 
nique to infer wind data from radar back- 
scattering data. Often, researchers in this 
field mathematically model the backscat- 
tering cross section by a simple Fourier 
series; eg., 0 O = A 0 +A 1 cos®*^ cos(20), 
where 0 is the azimuthal angle (that is, the 
ground-track angle) between the radar 
beam and the wind, and Aq, A v and A 2 
are coefficients that depend on the speed 
of the wind, the angle of incidence of the 
radar beam, and the polarization of the 
radar beam. 

In at least partial agreement with experi- 
mental data, this and similar models show 
a maximum cross section in the upwind 
direction (0 = 0°), another maximum in 
the downwind direction (0 = 180°), and 
minimums near the crosswind directions 
(0 *90° or 270°). A 1 and A 2 characterize 
the up/down-wind anisotropy and the depth 
of the crosswind anisotropy, respectively. 
The offset between the directions of each 
minimum and the nearby crosswind direc- 
tion increases as A 1 /A 2 increases. 


In the experimental part of this study, 
the surface of the ocean was scanned azi- 
muthal ty by an airborne radar at a frequen- 
cy of 14.6 GHz. Backscattering cross sec- 
tions in horizontal and vertical polarizations 
were measured as functions of 0 at various 
angles of incidence. The backscattering 
data were initially fitted with a simple Fourier 
series to obtain rough estimates of the 
azimuthal locations of the extrema of o Q . 
Data within 45° of these estimated loca- 
tions were then fitted with second-order 
polynomials, and from these polynomial 
fits new locations of the extrema were de- 
termined. This process was repeated five 
times to refine the estimate for each ex- 
tremum. 

To provide a physical basis for analysis 
of the locations of the extrema, the radar- 
backscattering properties of ocean waves 
were computed via a two-scale mathema- 
tical model, in which the height of the sur- 
face of the ocean is divided into a large- 
scale and a small-scale component, the 
scattering from the large-scale component 
is quasi-specular, and the scattering from 
the small-scale component is more like 
Bragg scattering. In this case, the small- 
scale component dominated. 

For horizontal polarization, the mini- 
mums in the experimental cross sections 
were found to be significantly offset from 
the crosswind directions towards the down- 
wind direction. These offsets were sub- 
stantially smaller for vertical polarization. 
The offsets predicted by the two-scale 
model for horizontal and vertical polariza- 
tions were found to agree, at least qualita- 
tively, with the experimental offsets. 

This work was done by F. K. Li, G. 
Neumann, S J. Shaffer, and S L Durden 
of Caltech for NASA’s Jet Propulsion 
Laboratory. To obtain a copy of the report, 
"Studies of the Location of Azimuth 
Modulation Minima for Ku-Band Ocean 
Radar Backscatter Circle 1 on the TSP 
Request Card. 

NPO-17422 

Radar Backscatter 
From the Ocean 
at Low Windspeeds 

Radar scatterometry 
can be used to sense 
winds as slow as 2 m/s. 

A report describes an experimental study 
of radar backscattering from ocean waves 
generated by winds of 2 to 4 m/s. This study 
is part of a continuing effort to develop ra- 
dar scatterometry into a technique for the 
remote sensing of ocean-surface winds. 
In this case, the emphasis is upon back- 
scattering at windspeeds previously 
thought to be at or below the lower limit 
of scatterometric detectability. 

In the experiments, an airborne radar 


at a frequency of 14.6 GHz was used to 
make azimuthal scans of the surface of 
the ocean at angles of incidence from 20° 
to 30° Backscattering cross sections in 
horizontal and vertical polarizations were 
measured during these scans. Simultane- 
ously, winds near the surface, air and water 
temperatures, and humidities were meas- 
ured by recording instruments mounted on 
buoys in the scanned area. 

The data accumulated from these meas- 
urements were analyzed and compared 
with the predictions of mathematical 
models in which scattering cross sections 
are represented variously as functions of 
the azimuthal angle between the ground 
track of the radar beam and of the wind, 
the angle of incidence of the radar beam, 
the radar polarization, the speed of the 
wind, and/or other parameters. Particular 
attention was paid to two models: a power- 
law model, called "SASS-1,” which was de- 
vised for the analysis of data from the 
SEASAT scatterometer; a similar model 
called the Wentz model; and the Donelan 
and Pierson (D/P) model, which predicts 
that backscatter cross sections fall off so 
precipitously as speeds decrease below 
2 to 3 m/s that in this speed range scat- 
terometry is probably useless for the meas- 
urement of winds. 

This analysis showed that the backscat- 
tering cross section in the horizontal polar- 
ization decreases more steeply with a de- 
crease in speed than it is predicted to do 
bytheSASS-1 and Wentz models but much 
less steeply than predicted by the DIP 
model. In the vertical polarization, the cor- 
responding data were found to agree more 
closely with the SASS-1 model, and the 
rate of falloff with decreasing speed was 
again found to be much less than in the 
D/P model. It was found that the ratio be- 
tween the backscattering cross sections 
of the upwind and crosswind azimuths 
was greater than predicted by the models. 
Overall, it was concluded that because the 
cross sections do no* fall off as precipitous- 
ly as they do in the relatively pessimistic 
D/P model, radar scatterometry remains 
a viable technique for the measurement 
of ocean-surface winds at speeds down 
to 3 (or possibly as low as 2) m/s and 
angles of incidence up to 30°. Further ex- 
perimentation will be needed to refine the 
mathematical model used to infer wind 
data from scatterometric data. 

This work was done by Fuk K. U and 
Gregory Neumann of Caltech and Robert 
A. Weller of Woods Hole Oceanographic 
Institution for NASA’s Jet Propulsion 
Laboratory. To obtain a copy of the report, 
" Observation of Ocean Ku-Band Radar 
Cross Section at bow Wind Speed During 
FASINEX ," Grcle 165 on the TSP Request 
Card. 

NPO-18036 
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E( Superfiber for Strong, Light Fabrics 

Polyolefin fiber resists chemicals and abrasion. 


Lyndon B. Johnson Space Center, Houston, Texas 


A new ultrahigh-molecular-weight fiber 
offers major advantages as a fabric for 
space suits, diving suits, sporting goods, 
sails, and ultralight aircraft. The polyolefin 
fiber has an extremely high modulus of 
elasticity, low elongation, high specific 
strength, low specific gravity, resistance 
to chemicals, low moisture absorption, and 
high resistance to damage by flexure and 
abrasion. 

The fiber is available in a variety of 
weave patterns, including plain, herring- 
bone and other twill, and basket-weave pat- 
terns (see figure). Besides plain fabric, the 
fiber is available as plain braided cord, 
braided cord woven into link nets, flat 
woven tape, and webbing. Its high strength 
per unit weight — higher than that of any 
other polymeric fiber — allows space 
suits, diving suits, or balloons to be pres- 
surized to 8.3 lb/in. 2 (57 kPa). Its light 
weight gives wearers greater mobility. 

The new fiber consists of elongated, 
highly aligned, highly crystalline polyethy- 
lene molecules. This structure not only re- 
sults in a high strength-to-weight ratio but 
also gives high resistance to tearing and 
ripping. 

In comparison with Kevlar (or equivalent) 
aromatic polyamid fiber — until now, a ma- 
terial of choice in high-strength applica- 
tions — the new material can be made in- 
to 40 percent more fiber per pound and 
has 7 to 20 times the resistance to abra- 
sion. Moreover, because its coefficient of 
friction is low, little heat is generated dur- 
ing abrasion. 

Chemically, the new material is nearly 
inert. It is hardly affected by either alkaline 
or acidic compounds. When exposed to 
a broad range of chemicals for a period 
of 6 months, the fibers retained all their 
original strength in almost every instance. 
In addition, because water molecules can- 
not attach themselves to the polymer 
chains, the material absorbs little moisture 
and remains lightweight under wet or 
humid conditions. 

This work was done by Frederic S. Dawn 
and Joseph J. Kosmo of Johnson Space 
Center. For further information, Circle 140 
on the TSP Request Card. MSC-21659 




■ ■ ■ 


■ ■ ■ 


■ 


Plain Weave 



Three Up, 
One Down Twill 



Two Up, Two Up, 

Two Down Twill One Down Twill 


Fibers Can Be Woven in many patterns, a few of which appear here. The fabrics offer 
a combination of desirable properties not found in nylon, polyester, or aramid fabrics. 
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HIGH-NICKEL ALLOYS 
THAT CAN TAKE THE HEAT...AND MORE 


\ Alloys 

Principal \ 

required \ 

characteristics \ 

INCONEL alloy 600 | 

INCONEL alloy 601 | 

INCONEL alloy 617 | 

INCONEL alloy 690 

INCONEL alloy 718* | 

INCONEL alloy X-750* 

INCONEL alloy MA 754 | 

INCOLOY alloy 800 | 

INCOLOY alloy 800HT | 

INCOLOY alloy 802 | 

INCOLOY alloy 909* | 

INCOLOY alloy MA 956 | 

INCO alloy HX [ 

INCO alloy 330 ; 

High-temperature 

strength 















Oxidation 

resistance 















Sulfidation 

resistance 















Carburization 

resistance 















Nitriding 

resistance 















Carbonitriding 

resistance 















Resistance to molten 
heat-treating salts 
















This table should be used as a guide only. Final selection should be made after a complete technical review 
of temperatures and atmospheres involved in your particular operation. 

‘Strengthening by precipitation hardening limits usual service to intermediate temperatures. 


I 1 Good I I Better L__i 


Best 


Inco Alloys International offers 
a range of high-temperature 
alloys that do more than just take 
the heat. In addition to high- 
temperature strength, these 
products provide resistance to 
oxidation, sulfidation, carburi- 
zation and nitriding; resistance 
to molten salts and other cor- 
rosives; and the proven long- 
term performance which can 
double the life of expensive 
equipment and parts. 

The INCONEL, INCOLOY, 
and INCO alloys shown in the 
chart are on the job today in 
every kind of hot, tough appli- 
cation-heat treating, aerospace, 
petrochemical processing, waste 
incineration, power generation. 
With such a broad range of 
high-temperature products, 
we can provide an alloy to meet 
your specific performance 
needs — in rod, bar, plate, sheet, 
strip, section, pipe, tubing. 


wire, and our complete line of 
companion welding products. 

All of these alloys are easily 
fabricated, offering high ductility 
and weldability. All are traceable 
from quality-controlled raw 
materials to quality-controlled 
wrought forms. And all are avail- 
able from a single melting source 
— Inco Alloys International, the 
world’s leading producer of 
high-performance alloys — direct 
or through a nationwide net- 
work of distributors. 

Send for more information. 
Write Inco Alloys International, 
Inc., Huntington, WV 25720. 
Or, for faster results, FAX us at 
(304) 526-5441. 

INCONEL, INCOLOY, 800HT. and INCO are 
trademarks of the Inco family of companies. 

Inco Alloys Internationa] distributors in North America: 
Castle Metals. Metal Goods, Tubesales, Williams A Co., 
Atlas Alloys and Drummond McCall. Inc. 



INCO ALLOYS 
INTERNATIONAL 
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LaRC-RP41: a Tough, High-Performance Composite Matrix 

A new polymer exhibits increased toughness and resistance to microcracking. 


Langley Research Center, Hampton, Virginia 


Recently, work has been done on the 
interpenetrating-polyimide-network (IPN) 
approach to developing tough, microcrack- 
ing-resistant, high-temperature matrix resins 
fa use in aircraft and aerospace structural 
components. One such polymer was desig- 
nated LaRC-RP40. This simultaneous semi- 
IPN was prepared from easy-to-process, 
but brittle, cross-linking PMR-15® and 
tough, but difficult-to-process, linear NR- 
150B2®. Both of these raw materials are 
commercially available. The combination 
exhibited significant improvements in tough- 
ness, resistance to microcracking, and 
glass-transition temperature over those of 
PMR-15. These results encouraged further 
exploration of this approach for the devel- 
opment of a wider range of polymers of 
basic technological and economic interest. 

In an experiment, cross-linking PMR-15 
and linear LaRC-TPI were combined to pro- 
vide a new, sequential semi-2- IPN desig- 
nated as LaRC-RP41. LaRC-RP41 was syn- 
thesized from PMR-15 imide prepolymer 
undergoing cross-linking in the immediate 
presence of LaRC-TPI polyamic acid, 
which was also undergoing simultaneous 


imidization and linear chain extension. This 
synthesis is shown in the figure. LaRC- 
RP41 was prepared and tested both in neat 
form and as the matrix of a composite rein- 
forced with graphite fibers. Neat and com- 
posite specimens of PMR-15 and LaRC- 
TPI were similarly prepared and tested. 

In comparison with PMR-15, LaRC-RP41 
showed significantly improved toughness 
and resistance to microcracking. However, 
the glass-transition temperature and me- 
chanical perfamance at elevated temper- 
ature were substantially lower than those 
of PMR-15. The LaRC-TPI phase acts as 
an effective plasticizer, rather than as a 
reinforcement, and it controls the tough- 
ness, microcracking behavior, and elevat- 
ed-temperature mechanical performance 
of LaRC-RP41. 

LaRC-RP41 exhibited apparent two-phase 
microstructure. The stability of the phases 
was affected by time and temperature in 
service as well as by the presence of 
graphite fibers. Thus, any efforts based on 
the exploitation of relationships between 


properties and microstructure to develop 
high-performance semi-IPN’s must take in- 
to account the stability of the phases of 
a semi-IPN. 

LaRC-RP41 has potential as a high-tem- 
perature matrix resin, adhesive, and mold- 
ing resin. Applications could include auto- 
mobiles, electronics, aircraft, and aerospace 
structures. 

This work was done by Ruth H. Pater, 
Norman J. Johnston, Ricky E. Smith, and 
John J Snoha of Langley Research Cen- 
ter Carol R. Gautreaux of Analytical Ser- 
vices and Materials, Inc., and Rakasi M. 
Reddy of Old Dominbn University. For fur- 
ther information, Circle 156 on the TSP Re- 
quest Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 16]. Refer to LAR-14338. 


Synthesis of Semi-Interpenetrating Polyimide is demonstrated in the preparation of 


LaRC-RP41. 


Completely Revised . . . 


Your 
Guide To 
Advanced 
Specialty 
Inorganics 

CERAC’s new Advanced Specialty Inorganic catalog contains 
the largest selection of less-common inorganics in the world. 
Revised and expanded for 1991 , this catalog includes: 

• New C/P-1 0™ Materials — High purity materials for high 
tech applications. 

• Fine and coarse powders, granules and pieces 

• Sputtering Targets • Evaporation Materials 

• Rods • Crucibles and hearth liners 

All items are available in bulk quantities at substantial 
savings. Custom syntheses are available for inorganics not 
listed. Contact CERAC for your free copy. 



CERAC 


incorporated 


P.O. Box 1178 • Milwaukee, Wisconsin 53201 
Phone: 414-289-9800 • Fax: 414-289-9805 • Telex: RCA 286122 
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Controlled Temperature Gradient Improves Freezing Alloy 

Better microstructure increases fatigue life. 

Marshall Space Flight Center, Alabama 


A controlled gradient of temperature in 
the advancing zone of solidification in- 
creases the fatigue life of a directionally 
solidified nickel-base superalloy. The im- 
proved solidification process eliminates, 
reduces, or controls the microstructure of 
deleterious brittle phases, including car- 
bides and y/y' eutectic. The improved proc- 
ess also reduces microsegregation and 
makes discrete carbides (if present) be- 
come fine and blocky. 

Unlike a pure metal, an alloy melts and 
freezes over a range of temperatures 
rather than at a single temperature: it is 
completely molten above the liquidus tem- 
perature, completely frozen below the sol- 
idus temperature, and consists of liquid (of 
one composition) between dendritic solid 
regions (of another composition) at inter- 
mediate temperatures. The gradient of 
temperature through the advancing liq- 
uid/solid zone in a directionally solidifying 
specimen of alloy affects the final, solidi- 
fied microstructure by influencing the 
width of the solid/liquid zone and the time 
spent solidifying. 

In the improved process, the spatial and 
temporal distribution of temperature be- 
tween the advancing liquidus and solidus 
surfaces is tailored as follows: Below the 
liquidus temperature, the gradient of tem- 
perature is kept small and caused to make 
a transition to a temperature plateau in the 
liquid/solid zone. After the plateau, the gra- 
dient of temperature is large and remains 
so during the remainder of solidification 
(see figure). 

The fatigue life of MAR-M246(Hf) alloy 
solidified in the improved process is in- 
creased by a factor of 10 to 100 over that of 
the same alloy produced by more-conven- 
tional high-temperature-gradient directkxv 



When the Temperature as a Function of Po- 
sition along a directionally solidifying spec- 
imen of alloy looks something like this, the 
resulting solidified microstructure favors in- 
creased fatigue life. The combination of dif- 
ferent thermal gradients that yields the best 
mechanical properties must be determined 
by experimental studies. 


al solidification. The use of controlled 
temperature gradients is also expected to 
improve the properties of other alloys, of 
both directionally-solidified polycrystalline 
and single-crystal forms. 

This work was done by Deborah Schmidt, 
Wendy S. Alter, and William D. Hamilton of 
Marshall Space Right Center For fur- 


ther information, Qrcle 53 on the TSP Re- 
quest Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 1 6]. Refer to 
MFS-28314. 
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Manufacturing Ethyl Acetate From Fermentation Ethanol 

A conceptual process would use a dilute product of fermentation instead of concentrated ethanol. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 



Low-Concentration Ethanol, extracted by vacuum from a fermentation tank, and acetic acid 
would constitute the feedstock for a catalytic reaction. The product of the reaction would go through 
steps that would increase the ethyl acetate content to 93 percent by weight. To conserve energy, 
heat exchangers would recycle waste heat to preheat the process streams at various points. 


A proposed process would synthesize 
ethyl acetate from low-concentration (4 to 
6 weight percent) fermentation ethanol. 
Ethyl acetate, a widely used solvent, is cur- 
rently made from costly distilled ethanol 
(93 weight percent). The new process would 
consume less energy — 1,600 to 2,000 
Btu per pound (3.7 to 4.7 MJ per kilogram) 
versus more than 3,000 Btu per pound (7 
MJ per kilogram) of ethyl acetate for the 
current process. 

In the proposed new process, a vacuum 
would continuously remove a mixture of 
ethanol and water vapors from a fermen- 
tor maintained at a temperature of 33 °C 
and atmospheric pressure (see figure). 
Acetic acid would be added to the ethanol 
and water vapor, and the combined stream 
would be fed to a catalytic reactor, where 
ethyl acetate would be synthesized. The 
reaction would proceed in the vapor phase 
at a temperature of 150 °C and a pressure 
of 1 atm (0.1 MPa) with zirconium oxide 
or silica gel as catalyst. 

The gaseous product from the reactor 
would be cooled to 100 °C to remove ex- 
cess water and unconverted acetic acid. 


Azeotropic distillation at 71 °C would pro- 
duce a solution of 83 percent ethyl acetate, 
9 percent ethanol, and 8 percent water by 
weight. This distillation would recover much 
of the unconverted ethanol, which would 
be recycled into the ethanol/water-vapor/ 


acetic acid stream going to the catalytic 
reactor. A final decantation would yield a 
commercial grade product composed of 
93 percent ethyl acetate, 5 percent 
ethanol, and 2 percent water by weight. 

Two alternative schemes for using fer- 


ANNOUNCING: A TOUGH F0RMABLE 
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PYROPEL 

structural insulation 

A product of Albany International, Inc. 

777 West Street 

P.O. Box 9114 

Mansfield, MA 02048 

508/339-7300 
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PYROPEL®: a new concept 
in structural insulation. 

Pyropel is a new lightweight, high tempera- 
ture, non-woven insulation material that can 
be used in flat sheets or formed into a variety 
of shapes. It is 100% polyimide and contains 
no resinous binders. This, combined with 
its fibrous, three-dimensionally reinforced 
construction, gives Pyropel significant 
design, performance and assembly 
advantages over more conventional 
insulation materials. 

-300 T to +600T. 

The use of polyimide permits extended 
performance at cryogenic temperatures as 
low as -300*F, and continuous use in applica- 
tions that reach temperatures as high as 
+600 ‘F (and short-term exposure up to 
+800*F without losing thermal or dimensional 
stability). Pyropel does not melt, drip or sup- 
port combustion. It has a low heat release and 
emits almost no smoke. 


Rigid, lightweight, 
resists damage. 

Pyropel’s three-dimensionally reinforced struc- 
ture provides exceptional rigidity and strength. 
It is extremely lightweight, with densities as 
low as 12 Ibs/ft 3 and in thicknesses from 0.063 


to 0.38 inches. Pyropel makes an excellent 
core material where thermal insulation and/or 
acoustic dampening are required. It can be 
bonded easily with thermoplastic adhesives 
and is chemically inert to acids and solvents. 


Reduce assembly and 
maintenance costs. 

Pyropel is available in flat sheets or custom 
shapes tailored to your requirements. It can 
be formed into self-supporting covers, lids, 
housings, sidewalls and ducts — combining 
features that save assembly time and 
expense. 


Free test samples. 

Prove to yourself how well Pyropel performs 
under fire. Write or call today for your free 
literature and product sample. 
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mentation ethanol directly were consid- 
ered; calculations showed that both would 
be less energy-efficient than the proposed 
vacuum-extraction scheme would be. In 
one of these schemes, carbon dioxide 
stripping would be used to remove ethanol 
from the fermentor; this scheme would 


consume over 2,200 Btu per pound (5.1 
MJ per kilogram) of ethyl acetate. In the 
other scheme, ethanol would be distilled 
directly from the product of the fermentor 
and used to synthesize ethyl acetate; this 
scheme would consume about 2,800 Btu 
per pound (6.5 MJ per kilogram) of ethyl 


acetate. 

This work was done by Naresh K. 
Rohatgi and John D. Ingham of Caltech for 

NASA’s Jet Propulsion Laboratory For 

further information , Circle 4 on the TSP Re- 
quest Card. 

NPCF17923 


New Polyimide Has Many Uses 

Low-toxicity and low-mutagenicity monomer is the key to a new high-performance polyimide. 


Langley Research Center, Hampton, Virginia 


High-performance polyimide adhesives 
are used in the aerospace industry; for ex- 
ample, in joining metals to metals or metals 
to composite structures. In addition, they 
are rapidly being put to new uses as matrix 
resins for composites, molding powders, 
and films. These materials display a num- 
ber of high-performance characteristics; 
for example, resistance to high tempera- 
tures and to solvents, improved flow for bet- 
ter wetting and bonding, high modulus of 
elasticity, and resistance to chemicals and 
hot water. One area of application is the 
manufacture of lighter and stronger aircraft 
and spacecraft structures. 

LaRC-TPI is a thermoplastic polyimide 
well known as a high-performance materi- 
al. Its structure is derived from 3,3'-, 4,4'- 
benzophenonetetracarboxylic dianhydride 
(BTDA) and 3,3'-diaminobenzophenone 
(3,3'-DABP), and it is prepared in 2-meth- 
oxyethyl ether (diglyme). Invented at NASA 
Langley Research Center, it is now a com- 
mercially available product. However, the 
commercialization of the 3,3'-DABP com- 
ponent of LaRCTPI has not occurred in the 
United States because it has been shown 
to be a mutagen. Therefore, only experi- 
mental samples of this chemical can be 
purchased in this country for research pur- 
poses. 

A new polyimide, identified as LaRC-IA, 
exhibits flow and adhesive properties simi- 
lar to those of LaRCTPI. This novel polymer 
is prepared from the low-toxicity, commer- 
cial diamine 3,4'oxydianiline (3,4'-ODA) 
and the commercially available dianhydride 
4,4'-oxydiphthalic anhydride (ODPA) in 2- 
methoxyethyl ether (diglyme). This polymer 
(see figure) has been prepared in both ul- 
tra-high-molecular-weight (exact stoichi- 
ometry of diamine and dianhydride) form 
and in a controlled-molecular-weight form, 
which has a 2.5-percent offset in stoichi- 
ometry (excess diamine) with a 5.0-percent 
level of phthalic anhydride as an end cap. 

The controlled-molecular-weight form 
allows for greatly improved processing of 
the polymer for moldings, adhesive bond- 
ing, and the fabrication of composites. The 
version that has the higher molecular weight 
affords tougher films and coatings. The 
glass-transition temperature of the poly- 
mer, as determined by differential scanning 
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calorimetry, is between 230 and 240 °C. 
The overall polymer structure with oxygen 
flexibilizing linkages in both the dianhydride 
and the diamine, as well as a meta linkage 
in the diamine, affords adequate flow prop- 
erties for making this polymer useful as 
a molding powder, adhesive, and matrix 
resin for composite materials. 

Adhesives, composite matrix resins, neat 
resin moldings, and coating films made of 
the new polymer have been found to ex- 
hibit properties identical or superior to those 
of commercially available polyimides. The 
end-capped version of ODPA/3,4'-ODA has 
been used to prepare graphite-reinforced 
composites because this version exhibits 
melt flow superior to that of the non-end- 
capped version. This higher level of melt 
flow is important in making large, compos- 
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LaRC-IA is a thermoplastic polyimide made 
from 34'-oxydianiline and 4,4'-oxydi phthalic 
anhydride. It has good processing charac- 
teristics, low toxicity, and no mutagenicity. 

ite objects that have complicated shapes. 
Fbtential applications for this polyimide are 
wide ranging. With and without end cap- 
ping, it can be employed to prepare un- 
filled moldings, coatings and free films, ad- 
hesive tape, adhesively bonded substrates, 
prepregs, and composites. 

This work was done by Terry L St. Clair, 
Donald J. Progar, Janice Y. Smith, and 


Computerized 
Composite 
Braiding 
Systems 


Let s talk about 
achieving com- 
plex shapes? 

lighter weight construction, 
uncommon strengths, and 
lower costs with dry and pre- 
preg braided fibers. Add to that the 
ability to endure twisting, sheanng, 
and high force impact, and you have 
the answer - precision composite 
braiding reinforcements. 



* 


•Baseball bats, propeller blades, thermoplastic air frame stiffeners, automotive 
components, rocket thruster nozzles, and helicopter rotor control rods and blades. 



Call (401 1 724-8800— 
our technical experience 
can make the difference 


WARDWELL 

Our experience is the difference 
WARDWELL BRAIDING MACHINE CO. ^ 

121 1 High Street. Central Falls. Rl 02863 USA (401 ) 724-8800 Fax: (401 ) 723-2690 
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From one 
to a 

billion. 


If we can give you 
3-day delivery on one 
prototype rubber part - 
how long will it take 
for a billion parts? 

Try us and see. You'll be 
surprised. Our modem 
manufacturing facilities ensure 
on-time delivery - on orders 
from 100 to 1 billion units at 
very competitive prices. And 
our SPC Program assures you 
of consistently high quality on 
orders of any size. 

As for our 3-day 
prototypes, just send us a 
sketch, blueprint or product 
sample - and we'll take it from 
there. We'll analyze your 
design, select the compound, 
and produce sample parts that 
meet your exact needs. 

So, whatever your 
requirements, give us a try. 

And we'll give you the kind 
of personal attention and 
service that keeps our 4 
customers coming 
back for more. 

Millions - 
even billions 
- more. 




938 Crescent Avenue, P.O. Box 4006 8G9 
Bridgeport, CT 06607 

Tel (203) 367-8469 Fax (203) 367-6403 


Ricky E. Smith of Langley Research 
Center For further information, Circle 123 
on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 


quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel. Langley Research Center [see 
page 16]. Refer to LAR-14163. 


Copper-Exchanged Zeolite L Traps Oxygen 


Simple chemical treatments make this material an 
efficient and capacious trap for oxygen. 

NASA's Jet Propulsion Laboratory, Pasadena, California 



A brief series of simple chemical treat- 
ments has been found to enhance the abil- 
ity of zeolite L (Linde LZ-Y72) to remove 
oxygen from a mixture of gases. The treat- 
ments were investigated in the effort to 
develop a material that could reduce con- 
tamination by oxygen in gases at high tem- 
peratures. Heretofore, few materials could 
function at high temperatures with ade- 
quate capacity for oxygen. 

Zeolite L is thermally stable up to 700 °C 
and has a high specific surface area 
(-400 m 2 /g), which provides its high ca- 
pacity for adsorption of gases. To increase 
its ability to adsorb oxygen selectively, cop- 
per is added by ion exchange, and the 
copper-exchanged zeolite is reduced with 
hydrogen. As a result, copper is dispersed 
atomically on the inner surfaces of the zeo- 
lite, making it highly reactive to oxygen, 
even at room temperature. The reactivity 
to oxygen is expected to be even greater 
at higher temperatures. The capacity for 
oxygen uptake may, however, be smaller 
at higher temperatures. 

In preparation for a test of this concept, 
fresh zeolite L was crushed and sieved in 
the size range of 10 to 25 mesh (2 mm 
to 710 /xm). Some of the zeolite was pre- 
pared for the copper-exchange treatment 
by first treating it with 1.0 molar NH 4 N0 3 


solution, decreasing its sodium content 
from 1.10 to 0.16 weight percent. Then it 
was treated with 0.2 molar CiKNO^ solu- 
tion, adding copper in the amount of 1.94 
weight percent. 

Both the copper-exchanged and untreat- 
ed zeolite were reduced with hydrogen, then 
tested for oxygen-uptake capacity. The treat- 
ed zeolite was reduced in a flowing mix- 
ture of nitrogen and hydrogen at 180 °C 
for 8 hours, during which time the concen- 
tration of hydrogen was gradually increased 
from 1 to 30 percent. The reduced, copper- 
exchanged zeolite was heated under argon 
at 200 °C for 1 hour, then cooled to room 
temperature. Next, the argon was replaced 
by oxygen, and the zeolite gained weight 
by about 9.5 percent (see figure), attributed 
to the adsorption of oxygen. 

The untreated zeolite was reduced at 
200 °C in a mixture of 4 percent hydrogen 
and 96 percent argon, then placed in con- 
tact with oxygen and allowed to cool to 
room temperature. The total adsorption of 
oxygen in this case was about 5 weight 
percent. 

This work was done by Pramod K. 
Sharma and Panchalam K. Seshan of Cal- 
tech for NASA’s Jet Propulsion Labora- 
tory. For further information, Circle 152 on 
the TSP Request Card. NPO-17761 



This Thermogravimet- 
ric Plot shows the gain of 
weight of the reduced, 
copper-exchanged zeo- 
lite upon exposure to 
oxygen. 
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COSMIC: Transferring NASA Software 

COSMIC, NASA’s Computer Software Manage- 
ment and information Center, distributes software 
developed with NASA funding to industry, other 
government agencies and academia. 

COSMIC’s inventory is updated regularly; new 
programs are reported in Tech Briefs. For addition- 
al information on any of the programs described 
here, circle the appropriate TSP number. 

If you don't find a program in this issue that 
meets your needs, call COSMIC directly for a free 


review of programs in your area of interest. You 
can also purchase the annual COSMIC Software 
Catalog, containing descriptions and ordering in- 
formation for available software. 

COSMIC is part of NASA's Technology Utiliza- 
tion Network 


COSMIC* — John A. Gibson, Director, 

(404) 542-3265 

The University of Georgia, 382 East Broad Street. 
Athens, Georgia 30602 


Computer Programs 

These programs may be obtained at a very 
reasonable cost from COSMIC, a facility spon- 
sored by NASA to make computer programs 
available to the public. For information on pro- 
gram price, size, and availability, circle the 
reference number on the TSP and COSMIC 
Request Card in this issue. 


Electronic Systems 


Software for Multivariable 
Frequency-Domain Analysis 

Outputs include frequency- 
response singular-value 
plots of multivariable 
transfer matrices. 

FREQ (Multivariable Frequency Domain 
Singular Value Analysis Package) is a soft- 
ware package of subroutines that perform 
frequency-domain analysis of (1) continu- 
ous- or discrete-multivariable linear sys- 
tems, (2) any continuous system for which 
one can calculate the transfer matrix at 
points on the imaginary axis, or (3) any 
discrete system for which one can calcu- 
late the transfer matrix at points on the unit 
circle. Many approaches in the field of the 
analysis of, and the synthesis of controllers 
for, linear, multivariable, time-invariant sys- 
tems involve loop-shaping procedures. 
Within these procedures, design param- 
eters are chosen to shape frequency-re- 
sponse singular-value plots of selected 
transfer matrices. FREQ computes, within 
one unified framework, many of the most- 
used multivariable transfer matrices. The 
matrices are evaluated at frequency-re- 
sponse values selected by the user, and 
singular values and vectors are computed. 
FREQ also tabulates maximum and mini- 
mum singular values against frequency. 

A document that describes FREQ in- 
cludes an example with data taken from 
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a study in which a fine-pointing attitude- 
control system was designed for a large, 
flexible hoop/column space antenna. The 
control system was designed to exhibit 
stability robustness with respect to high- 
frequency, unmodeled components of the 
dynamics of the antenna, and a prototype 
version of FREQ was employed to obtain 
the robustness-barrier-design plots. As 
other applications of FREQ indicated new 
users’ needs and preferences, FREQ 
evolved through a sequence of applica- 
tions in the analysis and design of con- 
trols. The current version of FREQ provides 
a body of tested software that incorporates 
most of the desired properties and options 
needed by the practicing engineer. 

Four different versions of FREQ are 
available from COSMIC. The user may 
choose between single- and double-pre- 
cision versions and between brief and 
complete versions. To use the brief ver- 
sions, the user must have access to the 
numerical linear-algebra packages UN- 
PACK (real and complex versions) and 
EISPACK in the same precision as that of 
the version of FREQ being used. The 
single-precision brief version is LAR-14119, 
the single-precision complete version is 
LAR-14120, the double-precision brief ver- 
sion is LAR-14121, and the double-pre- 
cision complete version is LAR-14122. 

The double-precision version is recom- 
mended for such 32-bit computing equip- 
ment as a DEC VAX or Sun Microsystems 
workstation. The brief version offers the 
economy of less code to compile and 
store. In addition, if the brief version is in- 
stalled on a super-computer or minicom- 
puter, the computer may already have a 
version of UNPACK with the Basic Linear 
Algebra Subprograms (BLAS) subpackage 
optimized to its architecture. The use of 
this version of LINPACK will result in a 
more efficient package. All four versions 
of FREQ may be purchased together as 
a package (COS-10024). 

The user gains access to FREQ by 
writing a program in FORTRAN 77 that 


makes calls to subroutines in the FREQ 
package. FREQ is written in ANSI standard 
FORTRAN 77 (with minimal extensions in 
the double-precision versions to support 
the use of the COMPLEX* 16 data type) 
and is intended to be independent of the 
specific computing equipment (except that 
some FORTRAN compilers do not support 
COMPLEX* 16). Representative memory 
requirements (in bytes) on a VAX computer 
running VMS 5.2 and using VAX FORTRAN 
5.1-10 are 59K for single-precision brief, 
75K for single-precision complete, 73K for 
double-precision brief, and 91 K for double- 
precision complete. The amounts stated 
here for the brief versions do not reflect 
the size of the required proprietary rou- 
tines. This program contains copyrighted 
material and was developed in 1989. 

This program was written by Ernest S. 
Armstrong of Langley Research Center 
and Daniel P Giesy of Planning Research 
Corp. For further information, Circle 157 
on the TSP Request Card. 

LAR-14119, LAR-14120, LAR-14121, and 
LAR-14122 

Waveform-Generating 

Program 

A variety of complicated 
waveforms can be synthe- 
sized digitally from simpler 
component waveforms. 

The development of useful signal-proc- 
essing equipment and software requires 
a high-quality signal generator that can 
produce a wide array of accurate test sig- 
nals. Conventional electronic signal gen- 
erators, though accurate, are limited in the 
number, frequency, and amplitude of in- 
dividual waveforms they can provide. To 
fill the need for a signal generator that 
overcomes these traditional limitations, 
scientists at Rockwell International de- 
veloped the GENERATE (Digital Genera- 
tion of Complex Waveforms) computer pro- 
gram as a flexible and reliable software 
tool for advanced generation of waveforms. 

With GENERATE, the user employs 
standard arithmetic operators (+, x, 
I, and parentheses) to simulate any com- 
bination of eight commonly used basic 
waveforms at the desired amplitude and 
frequency. GENERATE creates a data file 
based on the user’s selections from a 
menu. The menu provides the necessary 
equations that describe the eight basic 
waveforms and enables the user to com- 
bine them arithmetically. The basic wave- 
forms offered as building blocks are the 
sine, ramp, exponential, logarithmic, step, 
clipped sine, square, and sawtooth. 

The user controls the parameters of the 
signal being generated, including the am- 
plitude (infinite range), sample rate (infinite 
range), number of individual signal chan- 
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nels (up to 16), duration, and Gaussian 
noise properties (requires Gaussian-white- 
noise routines supplied by the user). The 
file of data thus created appears as digi- 
tized sound information, which is compati- 
ble as input with related data-analysis soft- 
ware. The digitally simulated waveform is 
useful in verifying the integrity of new 
signal-processing software, especially 
where a known time signal is necessary. 

GENERATE also contains a routine for 
plotting the output waveform data on a ter- 
minal with a Tektronics (or equivalent) em- 
ulator, providing visual confirmation of the 
desirability of the waveform. 

GENERATE was developed by use of 


VMS FORTRAN on a DEC VAX 3600 com- 
puter. The program occupies approximate- 
ly 200 KB of memory, but its output files 
may require considerably more. Memory 
requirements for the files of waveform data 
depend on the complexities of the wave- 
forms they represent — e.g., a signal 
generated over two channels at a sample 
rate of 10,240 s _1 for 60 s would require 
2.5 MB (2x10,240x60 words x2 bytes/ 
word). 

This program was written by Charles B. 
Hopson of Rockwell International Corp. for 

Marshall Space Flight Center For fur- 
ther information, Circle 89 on the TSP Re- 
quest Card. 


BY HAND. OR BY NOON. 



Now, even complex flowcharts that 
once took days to perfect can be presentation- 
perfect - in no time! 

Quick to master arid a snap to use, 
Patton & Patton's flowcharting software is the 
standard of both large and small businesses 
around the world - and is available through 
all major software dealers. 

See your dealer today! Or, for a 
"live/' interactive demo disk, call: 

800 - 525 - 0082 , ext.2809. 

International: 408-778-6557, ext. 2809. 



PATTON &PCTT0H 

Software Corporation 
Excellence in charting the flow of ideas! 


Works on IBM & 100% compatible PC's, supports CGA/EGA/VGA and over 150 dot matrix and laser printers, 
with multiple print densities and 10 font sizes. Creates multi-page charts, portrait or landscape, on 
most standard paper sizes. Mouse or keyboard controlled. Supports International Characters. 

IBM is • registered trademark of International Business Machines Corporation. 
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Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 16]. Refer 
to MFS-28408. 



Controlling Laboratory 
Processes From a 
Personal Computer 

An operator can control 
processes via natural- 
language commands. 

A computer program provides natural- 
language process control from an IBM PC 
or compatible computer. This program sets 
up a process-control system that can either 
run without an operator or be run by work- 
ers who have limited programming skills. 

The complex environment of the typical 
research laboratory requires flexible proc- 
ess control. Sometimes process-control 
schedules require frequent changes, even 
several times per day. These changes may 
include the addition, deletion, or rearrange- 
ment of steps in a process. The program 
facilitates such changes. 

The program includes three smaller pro- 
grams. Two of them, written in FORTRAN77 
record data and control research proc- 
esses. The third program, written in Pascal, 
generates the FORTRAN subroutines used 
by the other two programs to identify the 
user commands with device-driving rou- 
tines (device drivers) written by the user. 
The program also includes a set of input 
data that allows the user to define the user 
commands to be executed by the com- 
puter. 

"lb set up the system, the operator writes 
the devicenjriving routines for all of the con- 
trolled devices. Once set up, this system 
requires only an input file that contains 
natural-language command lines that tell 
the system what to do and when to do it. 
The operator can make up custom com- 
mands for the operation of, and the taking 
of data from, external research equipment, 
at any time of the day or night, even when 
the operator is not in attendance. 

This process-control software system re- 
quires a personal computer operating un- 
der MS-DOS with suitable hardware inter- 
faces to all controlled devices. The program 
requires a FORTRAN77 compiler and de- 
vice drivers written by the user. This pro- 
gram was developed in 1989 and requires 
62K bytes of memory. 

This program was written by H. Will and 
M. A. Mackinof Lewis Research Center. 
For further information, Circle 133 on the 
TSP Request Card. LEW-14907 
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Mathematics and 
information Sciences 


System Decommutes and 
Displays Telemetry Data 

The TDPIus system 
transforms a computer 
into a telemetry processor. 

The TDPIus computer program is a soft- 
ware system for the decommutation of 
pulseKxxjerrxxIulation (PCM) telemetry sig- 
nals. TDPIus provides synchronization, con- 
version into engineering units, and display 
of serial bit streams. The TDPIus software 
system transforms an IBM PC-compatible 
computer into a PCM-telemetry-decom- 
mutation system. PCM is the most com- 
mon form of modulation used to transmit 
telemetry from spacecraft, but the data in 
the PCM stream are multiplexed in time. 
One of the unique features of the TDPIus 
system is that it provides a way to look at 
PCM data for about a tenth of the cost of 
equivalent decommutators. The software 
structure is built by use of popup menus 
and windows that come from an existing 
commercial library. The use of these func- 


tions makes TDPIus very easy to use. 

The TDPIus system synchronizes tele- 
metric signals data and enables the con- 
version of them back into such meaningful 
forms as voltage, current, pressure, and 
the like. These data can then be displayed 
on numerical charts, bar charts, or graphi- 
cal X-Y displays. The TDPIus system also 
controls the operation of digital-to-analog 
converters to ship data to paper strip charts 
or to parallel digital ports for offloading to 
other computers. 

An engineer typically uses TDPIus as 
a stand-alone program, setting up and 
editing TDPIus tables to customize the pro- 
gram for a particular application. This soft- 
ware can be used to process actual data 
only when the telemetry-data-processing 
computer has been modified in accord- 
ance with specifications contained in NASA 
Tech Brief "TDPIus TM Data Processor" 
(GSC-13291). The modified computer con- 
sists of an IBM PC-compatible computer 
and four custom boards, built and de- 
signed by NASA/Wallops Flight Facility. 
The computer, together with the TDPIus 
program is then a full PCM-telemetry-de- 
commutation-and-display system. How- 
ever, the TDPIus program TDPEXE can be 
run on any PC-compatible computer for 
purposes of editing and demonstration. 

Notice: This COSMIC software is only 


half of the TDPIus package. The hardware- 
design documentation must be obtained 
from the Technology Utilization Office at 
Goddard Space Flight Center. 

This program can be executed on any 
IBM PC-compatible computer operating 
under MS-DOS or IBM PC-DOS, version 
3.2 or 3.3. The program requires a VGA, 
EGA CGA or Hercules monochrome video 
adapter and 640 KB of random-access 
memory. The program is written in Turbo 
C and 8088 Assembly language. Compila- 
tion of the source code requires Borland 
Turbo C version 2.0 and IBM or Microsoft 
MASM version 3.0 or greater, plus two 
commercial library software packages: 
Blaise Turbo C Tools Version 6.0 (Blaise 
Computing, Inc.,) and Science and En- 
gineering Tools for Turbo C 2.0 version 6.0 
(Quinn-Curtis). The program was devel- 
oped in 1989. 

IBM PC and PC-DOS are registered 
trademarks of International Business 
Machines. MS-DOS is a registered trade- 
mark of Microsoft Corporation. Hercules 
is a registered trademark of Hercules 
Computer Technology. 

This program was mitten by D. E. 
Massey and B Corbin of Goddard Space 
Flight Center For further information, Cir- 
cle 147 on the TSP Request Card. 
GSC-13324 




Numerical Algorithms Group 


If your applications require mathematical programming, you can learn what users the world over have 
discovered. The NAG Numerical Libraries or other software products allow you to spend your time 
and talents on genuine problem solving, not software development. Your code will be more portable, 
your results will be more reliable - all in considerably less time. Take advantage of NAG’s 
expertise in any of these fine products: 



NAG Fortran Library 

A flexible tool for building custom mathematical 
applications, includes more than 900 user callable 
subroutines frequently required for scientific or 
engineering projects. 

Resolution 

A powerful Mac- based mathematical tool box with 
a graphical user interface designed to mimic a scientific 
calculator. Provides point and click analysis for 3.D 
surfaces. ODE’s. Fourier transforms, matrix calculations 
and more. 



NAG C Library 

NAG's expertise in mathematics is now available 
in a subroutine library developed entirely in C. 
Using just one of the many routines can easily 
offset the cost of writing your own algorithms. 


NAGware F90 Compiler 

A true multipass Fortran 90 compiler. Compiles 
Fortran 90 code to C. Allows the Fortran user to 
take immediate advantage of the full features of 
Fortran 90. Available for a number of UNIX machines. 


Symbolic Algebra Software 

NAG markets several symbolic algebra software products. 
If your work requires powerful algebraic manipulation 
turn to NAG for features and facilities not available 
in other packages. 


NAG VecPar_77 

An interactive CASE tool for vectorizing and 
parallelizing Fortran programs. Attain performance 
improvements beyond what optimizing compilers may 
provide. Ideal for 'rejuvenating " older applications. 


For complete details, write NAG or call 708/971-2337. 


THE SCIENTIFIC AND NUMERICAL SOFTWARE SPECIALISTS 

Numerical Algorithms Group Inc., 1400 Opus Place, Suite 200, Downers Grove, IL 60515-5702 USA Tel: 708/971-2337 
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Cool Primary Battery 


Dual-Diaphragm Tank With 
Leakage-indicating Drain 
Heat-Transfer Coupling 
for Heat Pipes 
Push Tester for 
Laminated Films 
Flutter Spoilers 
Improved Force-and- 
Torque Sensor Assembly 


96 Deflection and Stress in 
Preloaded Square 
Membrane 

97 Reusable Mechanical 
Pin Puller 

98 Long-Lived. Replaceable 
Low-Pressure Seals 


Adaptive Control of Large Vibrating, Rotating Structures 

The inherent passivity of structures is exploited to obtain convergence. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


Transfer Function of Plant, Gpf s) 



Notes. 4. 4 la a modal matrix. 

1. B Is an input/output matrix. 5. o represents the ratio of position feedback to velocity feedback 

2. Q is a diagonal matrix containing the squares of the eigenfrequencies. 6 K* > 0 is integral gain. 

3. 0 is a damping matrix. 7. K p (t) is adaptive proportional gain. 

The Adaptive Set-Point Control Architecture is Applied to a Flexible Structure that is 
weightless or otherwise free and that is equipped with collocated torque actuators and position 
and velocity sensors. 


A globally convergent theoretical meth- 
od provides for the adaptive set-point 
control of the orientation of, along with sup- 
pression of the vibrations of, a large struc- 
ture. Developed for controlling the attitudes 
of large, somewhat flexible spacecraft, the 
method may also be useful in such ter- 
restrial applications as controlling movable 
bridges or suppressing earthquake vibra- 
tions in bridges, buildings, and other large 
structures. 

The method utilizes the inherent passivi- 
ty properties of the structure to attain a 
mathematical condition essential to adap- 
tive convergence on the commanded set 
point. Under this condition, the system is 
said to be “robustly stabilized against 
spillover dynamics,” meaning that it main- 
tains stability and convergence in the 
presence of errors in the mathematical 
model of the dynamics of the structure and 
actuators. 

The new method offers the advantage 
of avoiding the command-generator-track- 
er (CGT) condition typically associated with 
model-following solutions to the same con- 
trol problem. The tracking condition that 
replaces the CGT condition is satisfied by 
the same conditions that assure the strictly 
positive real (SPR) property of the struc- 
ture. More specifically, the control architec- 
ture in the new method is based on propor- 
tional-integral feedback from position and 
velocity sensors (see figure), and the CGT 
condition is replaced by the most stringent 
sufficient condition for global asymptotic 
stability, which requires the existence of 
an output feedback matrix, K, such that 
the closed-loop system is SPR. 

An important feature of the new meth- 


od is that stability conditions are satisfied 
if the ratio of position feedback to veloci- 
ty feedback is chosen sufficiently small re- 
lative to a quantity that depends on the 
intrinsic structural damping, modal fre- 
quencies, number of actuators, and the 
controllability of the rigid-body modes rela- 
ive to the flexible-body modes at the ac- 
tuator/sensor locations. Such conditions 
are relatively mild and can always be 
satisfied by design, making use of coarse 
ground test data. 

The characterization of the closed-loop 
stability properties is based on a new 
Lyapunov function. This function, in itself, 


extends application of many prior tech- 
niques based on positivity theory (both 
adaptive and nonadaptive) to the more- 
realistic case in which rigid-body modes 
are present in the dynamics, and, as a 
consequence, the problem of controlling 
the attitude is solved simultaneously with, 
and as an integral part of, the problem of 
suppressing the vibrations. 

This work was done by David S. Bayard 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, Cir- 
cle 23 on the TSP Request Card. 
NPO-17471 


Vaporization Would Cool Primary Battery 

Less material would be needed in cooling by vaporization than in cooling by melting. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


The temperature of a discharging high- 
power-density primary (i.e., nonrecharge- 
able) battery would be maintained below 


a specified level by the evaporation of a 
suitable liquid from a jacket that surrounds 
the battery, according to a proposal. A 


pressure-relief valve would regulate the 
pressure and, thereby, the boiling temper- 
ature of the liquid. Because the latent heat 
of vaporization of a typical material is an 
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order of magnitude larger than the latent 
heat of fusion of itself or another material, 
the mass and volume of liquid needed to 
produce a given amount of cooling would 
be much less than the mass and volume 
of material needed to produce the same 
amount of cooling by melting. This tech- 
nique could be used to cool batteries in 
situations in which engineering constraints 
on volume, mass, and location prevent the 
attachment of cooling fins, heat pipes, or 
the like. 

Water has been proposed as the evapo- 
rative-cooling liquid for an Li/SOCI 2 bat- 
tery that is being developed. The max- 
imum operating temperature for this bat- 
tery should be maintained below 100 to 


110 °C. Water boils at 100 °C at atmos- 
pheric pressure and has a heat of vapori- 
zation of 2.3 x 10 6 J/kg. The battery has a 
total mass of 25 to 30 kg and contains nine 
cells, each of which produces an average 
of about 20 to 30 W of heat during a com- 
plete discharge lasting 5 h. 

A first-order thermal analysis predicts 
that if the battery has an initial temperature 
of 50 °C, a total mass of 0.5 kg of water 
would suffice to limit the maximum tem- 
perature of the battery to 110 °C; 1.5 kg 
of water would suffice to limit the temper- 
ature to 100 °C. About 10 times these 
masses of a solid-to-liquid or solid-to-solid 
phase-change material would be required 
to achieve the same cooling effects. 


In the spacecraft application for which 
this technique was originally conceived, 
the steam produced in cooling the battery 
would be directed via tubing to a small 
reservoir located near tanks containing liq- 
uid hydrogen and liquid oxygen. This very 
cold reservoir would condense the steam. 
This would prevent the steam from es- 
caping and contaminating the spacecraft. 
In a terrestrial or other application in which 
contamination by steam is not an issue, the 
steam could be vented to the environment. 

This work was done by Pradeep 
Bhandari and Robert N. Miyake of Caltech 
for NASA’s Jet Propulsion Laboratory 
For further information, Circle 39 on the 
TSP Request Card. NPO-17805 


Dual-Diaphragm Tank With Leakage-Indicating Drain 

Reliability would exceed that of a single-diaphragm tank. 

Lyndon B. Johnson Space Center, Houston, Texas 


Liquid Section 



ALTERNATIVE SCHEME 
FOR SEALING EDGES 
OF DIAPHRAGMS 


DETAIL CROSS SECTION 
SHOWING GROOVES ON 
FACING SURFACES 
OF OIAPHRAGMS 


Dual Diaphragms 
Would Flex as vol- 
umes of liquid and 
pressurizing gas 
change. Tiny chan- 
nels between the dia- 
phragms would carry 
away liquid and/or 
gas that leaks or dif- 
fuses through the dia- 
phragms. Perfora- 
tions in the sealing 
ring would carry the 
fluids to the collec- 
tion cavity and the 
telltale drain. 


A proposed tank would include a dual 
diaphragm with a telltale drain to separate 
two fluids (e.g., a liquid and a pressurizing 
gas in a hydraulic power system). If a leak 
occurred in one diaphragm, the other dia- 
phragm would still prevent the mixing of 
the two fluids; meanwhile, the leakage 
would accumulate in the drain and would 
alert an inspector to the need for repair. 

The diaphragms would extend across 
the tank and would be sealed to the wall 
of the tank at its "equator” with conven- 
tional labyrinth compression seals. The 
edges would be separated by a perforated 
ring (see figure). The facing surfaces of the 
diaphragms would contain grooves that 
would generally lead radially outward from 
the axis of the tank. The groove patterns 
on the two diaphragms would be different 
so that the grooves would form fine chan- 
nels between the faces. Any leaked fluid 
between the diaphragms would flow ra- 
dially outward, pass through the perfora- 
tions in the seal ring, enter a collection 
cavity, then flow out through the telltale 
drain. The inspector would remove the 
drain cap to check for accumulated fluid. 

The two parts of the tank separated by 
the diaphragm would be equipped with fit- 
tings for filling and extracting fluid from the 
"poles.” The shells would be welded to- 
gether at the equator. 

In a single-diaphragm tank, liquid tends 
to diffuse through the diaphragm into the 
gas section, where it displaces pressuriza- 
tion gas volume. Similarly, the gas tends 
to diffuse into the liquid section, where it 
dissolves in the liquid. The double dia- 
phragm would provide a route for diffu- 
sants to escape so that each would not 
enter the opposite section. And, of course, 
it would provide redundant sealing in case 
of a puncture or tear, whereas a single dia- 
phragm would allow immediate mixing. 
Moreover, the telltale drain would give in- 
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stant evidence of leakage; time-consuming 
pressure-drop tests to verify the integrity 
of each diaphragm would be unnecessary. 

In comparison with a dual-seal piston 
accumulator for separating liquid and gas, 
the dual diaphragm would last much long- 
er. The piston seals ride on a dry cylinder 
wall as liquid volume changes and thus 
wear quickly and fail. The dual diaphragm 
would simply flex as volumes change. Fur- 
thermore, in many cases, the elastomeric 
materials that are most compatible with 
the fluids to be separated perform better 
as diaphragm materials than as sliding- 
seal materials. 

Conceived for bladder tanks for use in 


zero gravity, the concept is adaptable to 
such commercial uses as hydraulic ac- 
cumulators in industrial hydraulic systems, 
hydraulic systems in aircraft, and water 
pressure tanks. 

This work was done by Wallace C. 
Tuthill, Jr., of Johnson Space Center. No 

further documentation is available. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
16]. Refer to MSC-21703. 
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Heat-Transfer Coupling for Heat Pipes Fi 

The design of the coupler would avoid a difficult brazing operation. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 
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A proposed welded heat-transfer coup- 
ling would join a set of heat pipes to a ther- 
moelectric converter. The design of the 
coupling would make it unnecessary to 
braze the heat pipes directly to the con- 
verter — a complicated, difficult operation 
that could damage the heat pipes and con- 
verter. Evacuating, filling, wetting-in, and 
testing would be required while the heat 
pipes are attached to the converter. 

In the proposed coupling, the heat pipes 
could be prefilled. The heat of welding 
would be applied around the periphery of 
the coupling, far enough from the heat 
pipes so that it would not degrade the 
working fluid or create excessive vapor 
pressure in the pipes. 

The coupling would include a pair of 
mating flanged cups (see figure). The up- 
per cup would be an integral part of the 
housing of the thermoelectric converter, 
while the lower cup would be an integral 
part of a plate that supported the filled heat 
pipes. The coupling would be assembled 
by placing a wick pad in the bottom cup, 


A small instrument is used to measure 
the brittleness of a polymer film adhesively 
bonded to a hard substrate. Such meas- 
urements are used, in turn, to measure the 
rates of embrittlement in environmental 
tests of candidate laminated-film covers 
for photovoltaic modules. 

The instrument (see figure) is a micro- 
ball push tester. It includes a spring-loaded, 
steel-ball tip, 0.0625 in. (1.58 mm) in di- 
ameter, that applies a known, adjustable 
force when the user presses it against the 
surface of a specimen. The user compares 
the depression left by the ball with that left 
in a specimen that has not been exposed 
to the aging environment. In an unexposed 
specimen, a depression is formed when 
the microball is pressed into it. In an ex- 
posed film that is becoming brittle, a small- 


placing the upper cup over the bottom cup, 
and welding the flanges together. The 
space inside the cups would later be filled 
with working fluid through a small tube, 
which would then be sealed. 

The pad and working fluid would trans- 
fer heat efficiently between the thermo- 
electric converter and the heat pipes. The 
working fluid, wick pore size, and artery 
design could be chosen to suit the tem- 
perature and heat flux for the thermoelec- 
tric converter and the rate of failure of heat 
pipes. The pad and fluid would redistribute 
heat away from failed heat pipes and 
toward functioning heat pipes. This heat 
redistribution prevents the thermoelectric 
converters from becoming a resistive elec- 
trical load, which would occur if the con- 
verters were directly attached to a heat 
pipe that failed during operation. 

This work was done by Bill J. Nesmith 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, Cir- 
cle 7 on the TSP Request Card . 
NPO-17863 


er depression is formed, along with con- 
centric cracks inside and around it. The 
greater the embrittlement, the lower the 
force required to cause cracking. 

The microball tester has been used in 
tests of specimens exposed to accelerated 
aging under various combinations of tem- 
erature, humidity, and ultraviolet radiation. 
Specimens of the following types were 
evaluated: 

• Transparent polyvinyl fluoride (PVF) film 
bonded to glass by use of ethylene vinyl 
acetate (EVA) as the adhesive; 

• Transparent PVF bonded to amorphous 
silicon with EVA; and 

• Transparent PVF bonded with EVA to a 
glass superstrate on a module of amor- 
phous silicon. 

In a photovoltaic module made with any 



Halves of the Cou- 
pling would be 
welded together at 
flanges. The filled 
heat pipes would not 
be adversely affected 
by this operation. 
Working fluid moving 
through the wick pad 
would transfer heat 
from the thermoelec- 
tric converter to the 
heat pipes. 


Push Tester for Laminated Films 

The force required to crack a film is a measure of embrittlement. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 
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The Penlike Instrument has a microball tip. The small pointer in the slot on the side 
of the instrument is used to calibrate and indicate the spring force applied by the 
point. The microball dents only a small area of a specimen (bottom). For emphasis, 
depressions are marked here by surrounding circles. 


of these combinations of materials, em- 
brittlement of the film would eventually 
lead to cracking and result in deterioration 
of the module and exposure of the elec- 
trical circuit to the environment. 

The microball tester is not limited to use 
on transparent films; it can be used on 


opaque laminated films on back panels of 
photovoltaic modules, for example. 

This work was done by Russell S. 
Sugimura of Caltech for NASA’s Jet Pro- 
pulsion Laboratory. For further informa- 
tion, Circle 56 on the TSP Request Card. 
NPQ-1Q063 


Flutter Spoilers 

Spoiling devices can be deployed rapidly to prevent 
damage to airfoil surfaces. 



Langley Research Center, Hampton, Virginia 


Flutter is an aeroelastic phenomenon 
in which a wing undergoes rapid bending 
and twisting oscillations under certain flight 
conditions. Flutter can lead to destruction 
of the wing. A number of methods used 
in flutter research and development tests 
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minimize the risk of structural damage to 
test specimens. Although these methods 
may be effective in certain situations, no 
single method works effectively in ail situa- 
tions. The research engineer typically se- 
lects the method that best meets the 
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Spoiler Plates Rotate Into the Airstream, “spoiling” the aerodynamic flow and thereby 
increasing the dynamic pressure at which flutter occurs. 
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needs within the constraints of the par- 
ticular test. The flutter spoiler represents 
an important addition to this repertoire of 
methods. 

Flutter instability is produced by an un- 
favorable coupling of unsteady aerody- 
namic forces with structural inertia and 
stiffness forces. One way to suppress flut- 
ter is to increase the dynamic pressure at 
which the flutter occurs. The flutter spoiler 
does exactly this. When the flutter spoiler 
is deployed, the unsteady aerodynamic 
forces are changed and the flutter dynam- 
ic pressure is increased. Because the flut- 
ter spoiler could be deployed rapidly, the 
violent increase in vibration amplitude that 
usually occurs at flutter would be prevent- 
ed from occurring. 

A flutter spoiler consists of one or more 
platelike structures hinged along its lead- 
ing edge to the surface of a wing or other 
lifting surface so that the spoiler can be 
rotated outward into the airstream. An ex- 
ample is shown in the photograph. Typical- 
ly, flutter spoilers would be located on both 
the upper and lower airfoil surfaces, but 
could be used on either. When not in use, 
the flutter spoilers would fold against or 
into the wing surface so that the aerody- 
namic contour of the wing would remain 
unchanged. 

When the flutter condition is reached, 
the flutter spoiler would be rapidly de- 
ployed, rotating about its upstream end so 
that it would “spoil” the aerodynamic flow 
on the surface of the wing. It could be de- 
ployed by hydraulic, electrical, mechanical, 
pneumatic, or a combination of means. It 
could be under the remote control of a 
test engineer or under automatic control 
coupled to a sensing device that would 
measure vibratory response and actuate 
the flutter spoiler when a preset level of 
vibration occurrs. 


A wind-tunnel-model study was con- 
ducted to demonstrate the effects of the 
size and the deployment angle of a sim- 
ple flutter spoiler on the flutter of a wing. 
A relatively simple, paddle-type flutter 
model was equipped with a flutter spoiler 
that could be deployed over a range of 
angles by adjusting a mechanism. The 
model was ballasted so that the mass and 
inertia did not change as the parameters 
of the flutter spoiler were varied. Thus, the 
natural frequencies remained the same. 
Consequently, changes in flutter character- 
istics between different configurations of 
the flutter spoiler could be directly attrib- 
uted to aerodynamic effects of the flutter 
spoiler. 

Experimental results were obtained at 
mach 0.80 for (1) variations in the angle 
of deployment of the flutter spoiler, the 
area of which was constant at 0.047 that 
of the wing, and for (2) variations in the 
size of the flutter spoiler for a given angle 
of deployment. Results show that the flut- 
ter dynamic pressure is increased by in- 
creasing either the angle of deployment 
or the size. The results further show that 
the size has a stronger effect on flutter 
than does the angle of deployment over 
the range of parameters investigated. 

The use of the flutter spoiler would be 
particularly attractive for wind-tunnel flut- 
ter-model tests, in which models are tested 
at conditions very close to, or in many in- 
stances at, the flutter boundary because 
it is necessary to define accurately the 
flow conditions at which flutter occurs. The 
use of the flutter spoiler would prevent 
damage to these flutter models, which are 
often very expensive. 

This work was done by Robert V. Doggett, 
Jr., of Langley Research Center For fur- 
ther information, Circle 70 on the TSP Re- 
quest Card. LAR-14117 
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Improved Force-and-Torque 
Sensor Assembly 



Forces and torques are measured by different 
strain gauges at different positions. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


An improved sensor assembly meas- 
ures the forces and torques of interaction 
between a supporting and a supported ob- 
ject. For example, the assembly could be 
placed at the wrist of a robot to measure 
the operating loads between the arm and 
hand. Like many prior force-and-torque 
sensor assemblies, this one includes strain 
gauges mounted on flexure beams in posi- 
tions and orientations that make them sen- 
sitive to strains proportional to the forces 
and torques to be measured. The imme- 
diate predecessor of the improved sensor 
assembly was similar in that it had a four- 
flexure beam configuration, but it was rela- 
tively insensitive to axial forces, and it was 
necessary to extract axial-force data from 
the outputs of the same strain gauges that 
also measured the torques. 

The improved assembly (see figure) is 
sensitive to all three components of force 
and all three components of torque. In this 
sensor assembly, the strain gauges that 
measure the forces are separate from the 
ones that measure the torques. The force- 
measuring gauges are positioned and 
oriented to be insensitive to torques, while 
the torque-measuring strain gauges are 
mounted to be insensitive to forces. 

Each strain gauge is mounted on a flex- 
ure beam in a position and orientation that 


makes it sensitive to a component ot longi- 
tudinal strain indicative of bending of the 
beam about one of its axes. In this con- 
figuration, pure torque loads do not cause 
bending of the crossed flexure beams at 
the axis of symmetry. However, force loads 
along or perpendicular to the axis of sym- 
metry do cause these beams to bend at 
the axis of symmetry. Consequently, the 
strain gauges near the axis of symmetry 
are not sensitive to torques but are sen- 
sitive to forces. 

Torque loads do cause the beams to 
bend at the points near the thin webs that 
join them to the connection to the support- 
ing object. Consequently, the strain gauges 
at these points measure torque loads. 
Force loads also cause some bending at 
these points, but the strain gauges here 
are less sensitive to force loads than are 
the strain gauges at the axis of symmetry. 
In any event, these gauges can be con- 
nected in a bridge circuit, or their outputs 
can be processed in such a way as to 
cancel the force readings. 

This work was done by Robert M. 
Bamford of Caltech for NASA’s Jet Pro- 
pulsion Laboratory. For further informa- 
tion, Circle 46on the TSPRequest Card. 
NPO-17370 


The Improved 
Force-a n d - 
Torque-Sensor 
Assembly mea- 
sures all three 
components of 
force and all 
three compo- 
nents of torque. 
The force mea- 
surements are 
uncoupled from 
the torque mea- 
surements. The 
price for the im- 
proved measure- 
ment capability 
is complexity and 
flexibility that 
could be exces- 
sive in some ap- 
plications. 
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Deflection and Stress in Preloaded Square Membrane 

The effect of tension applied uniformly along edges is added to the analysis. 

Goddard Space Flight Center, Greenbelt, Maryland 



Uniform Stretching 
Preloads are applied 
to the edges of a 
transversely loaded 
square membrane, 
possibly to reduce the 
transverse deflection. 
Previous analyses 
addressed the effects 
of the transverse load 
but did not consider 
preloads. 


A theoretical analysis has yielded equa- 
tions for the transverse deflection of, and 
the stresses in, a square membrane sub- 
ject to both a uniform transverse load (ag., 
the difference between the pressures in 
two fluids separated by the membrane) 
and tension preloads applied uniformly 
along the edges (see figure). Previous 
theoretical analyses by Foppl and 
Timoshenko included the assumption of 
zero edge preload, and Foppl’s analysis 
included a calculation of the maximum 
deflection for the special case of a 
Fbisson’s ratio of Va . The new analysis and 
equations are valid for any Poisson's ratio. 

The analysis is performed in a simple 
x, y z coordinate system, with origin at the 
center of the square defined by the edges 
of the membrane: x and y each parallel 
to one of the two perpendicular pairs of 
edges, and z perpendicular to x and y. Like 
the previous analyses, this one follows an 
energy/virtual-displacement approach. In 
this approach, the basic equation is one 
that expresses the strain energy in the 
membrane as a double integral, over the 
x and y coordinates of the square, of a 


function of the longitudinal strains, the 
shear strain, the thickness of the mem- 
brane, and the Mxing's modulus and 
Fbissons’s ratio of the membrane material. 

Following standard practice, it is as- 
sumed that the edges of the membrane 
are held rigidly and that the x, y and z com- 
ponents of the displacement caused by 
the transverse load can be represented by 
simple trigonometric expressions that re- 


duce to zero displacement at the edges. 
The x and y (stretching) components of the 
displacements caused by the preloads are 
added (the x preload can differ from the 
y preload) to obtain the total displacements. 

The first and second derivatives of the 
expressions for the total displacements are 
used to derive expressions for the strains 
in the strain-energy integral. Then, using 
the principal of virtual displacement, an 
equation for the relationship between the 
in-plane (x and y) and the transverse (z) 
displacements is found by setting the 
derivative of the strain-energy integral with 
respect to the amplitude of the transverse- 
load component of the in-plane displace- 
ments equal to zero. Next, an equation that 
expresses the relationship among the 
maximum transverse deflection at the 
center, the transverse load, and the edge 
preloads is found by setting the change 
in the strain-energy integral caused by a 
virtual transverse displacement equal to 
the work done by the transverse load when 
it deforms the membrane by the same vir- 
tual displacement. 

The expressions derived in the forego- 
ing procedure are inserted in the previous 
equations for the displacements and strains. 
Then the stresses are expressed via the 
well-known linear relationships between 
stresses and strains. The maximum ten- 
sile stress occurs at the edges, and an 
equation for this stress has been derived 
for the special case of equal x and y 
preload. The results of this analysis can 
be compared to the results of the previous 
analyses by simply setting the edge pre- 
loads to zero. 

This work was done by Alfonso Hermida 

of Goddard Space Right Center For fur- 
ther information, Circle 47 on the TSP Re- 
quest Card. 

GSC-13367 


VIDEO 


ENHANCEMENT 


Video signals aren’t always perfect. 
Low contrast, unbalanced lighting, 
“port-holing” optics, and other factors 
can make it difficult to see or process 
critical visual information. The Colorado 
Video Model 605 Video Contrast 
Enhancer is an instrument that easily 
connects between your video source 
and TV monitor, tape recorder, or 
digitizer to provide both shading cor- 


rections and gray scale expansion as 
well as switchable polarity inversion 
for viewing of negative images or 
improving subjective visibility of 
detail. 

The 605 is a useful device for the 
serious user of video for research or 
industrial quality control. Call, write, 
or FAX us for specifications and 
pricing. 




Original offscreen image. 


Offscreen with shading correction, 
contrast expansion and inversion. 


Colorado Video Inc. 

Box 928 Boulder, Colorado 80306 USA • (303) 530-9580 • FAX (303) 530-9569 
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Reusable Mechanical Pin Puller 

The puller can be used in the testing of systems that normally use expensive pyrotechnic pullers. 
Goddard Space Flight Center, Greenbelt, Maryland 


A reusable, mechanical pin puller (see 
figure) was designed to save money and 
increase safety as a substitute for costly 
and potentially dangerous pyrotechnic pin 
pullers used in the development and test- 
ing of deployment mechanisms. In the de- 
velopment of the Cosmic Background 
Explorer Spacecraft, launched in 1989, 
mechanical pin pullers were designed to 
use in place of the 28 pyrotechnic pin 
pullers, each costing $500 to $1,000, in 
three deployable systems: a solar array, 
a thermal shield, and an antenna. Versions 


Large 

Spring' 


Polytetrafluoro- 
ethylene 


Small Pin- 



Solenoid 


Note: Dimensions 
are in inches. 


1.375 

’ Diameter * 


The Reusable Mechanical Pin Puller is 

a relatively simple spring-loaded trigger 
mechanism. 
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of the mechanical pin puller could be used 
in other mechanisms that would normally 
be activated by pyrotechnic pin pullers. 

Designed to exert a pull of 250 lb (1,100 
N), the pin puller includes a cylindrical 
housing that contains a piston, a large 
spring, and a trigger mechanism. The trig- 
ger mechanism includes an arm that 
keeps the piston loaded against the com- 
pressed large spring until the time of ac- 


tivation. A small spring keeps the arm load- 
ed against a small pin protruding from a 
solenoid until the time of activation. Upon 
retraction of the small pin by the solenoid 
at the time of activation, the small spring 
turns the arm away from the piston, and 
the large spring drives the piston down- 
ward through a distance of about 0.5 in. 
(12.7 mm) onto a polytetrafluoroethylene 
spacer. 


yivi 


CASEBOOK 

The Case for P-Method Analysis 

Engineers have long thought that complex meshes produce 
more accurate results. 

However, with recent technology advances, the P-Method 
of using higher-order polynomials to describe the deflection 
of elements offers a simpler solution. 

Now Structural Research makes P-Method analysis avail- 
able to complement the H/P-Method and adaptive meshing 
analysis techniques for which COSMOS/M is famous. 

Using the COSMOS/M P-Method, far fewer elements are 
required to achieve convergence and accurate results. The 
P-Method also offers significant advantages in ease of use, 
and CPU speed to reach a design solution. 

Used with the COSMOS/M STAR module, the P-Method 
can be combined with adaptive meshing to determine 
nodal displacements and element stresses. Even coarse 
meshes developed in CAD programs can be used with 
COSMOS/M to yield accurate solutions by simply increasing 
the value of P for the element. 

To appreciate the speed and simplicity of the 
COSMOS/M P-Method, study the chart below. To appre- 
ciate its ease of use and application to your own engineer- 
ing problems, contact Structural Research for more 
information. 

Beam with two circular notches under a concentrated tip load 



Solid modeling, FEA 
and drafting on your 
PC, Mac II or 
Workstation 

Analyst*: 

• STATICS 
Linear/Nonlinear 

• DYNAMICS: 

Unear/Nonlinear 

• HEAT TRANSFER; 
Unear/Nonlinear 

• FLUID FLOW: Laminar, 
Turbulent 

• ELECTROMAGNETICS 

• FATIGUE* 

• CRASH DYNAMICS* 

• BUCKUNG 

• OPTIMIZATION 

• KINEMATICS* 

Features: 

• H- & P'-METHODS 

• AUTOMATIC ADAPTIVE 
MESHING 

• 25,000 NODES, 

100,000 D.O.F? 

• SUBSTRUCTURING 

• COMPOSITE/SANDWICH 

• PLASTICITY, LARGE STRAIN. 
CREEP, etc 

• ANSYS* NASTRAN* PATRAN® 
SINDA. PRO/ Engineer* *, 
AutoCAD®, INTERGRAPH • and 
ocher CAD INTERFACES 

• Avail* hie m Release I 65 


ANSYS. N ASTRAS PATRAS. 

PRO Fngtnevr and AutoCAD arc ihr 


:sua 

:wl|RRP 


Arulyttt V>«rtm Inc , NASA. PDA 
Enfpncmng. Parametric Tcchnokijpes 
and Autodesk, ii 


P-METHOD TRIAMG (Pm 5) 

P METHOD QUAD (P= 

5) 


Uniform 

Trtong 

Adaptive 

MeeNng 

Trtong 

P-Metnod 

Trtang 

(P»») 

Ituod* 

(Pm#) 

No. of Etomonto 

2.890 

176 

46 

8 

Nodot per Element 

3 6 

6 

6 

8 

O, at Point D 

4,936 5,819 

5,773 

6.006 

6.211 

Error (N) 

16.9 2.1 

2J 

1.1 

45 

CPU Time (Sec) 
(386/20 MHZ PC) 

297 2^17 

90 

99 

38 
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FEA SYSTEMS 
FROM$995 
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SPECIAL 

OFFER: 


Subject to jvaibMcY , Structural Research & Analysts Crap mB send 
you a working vm*on <i COSMOS M which mil enable you to not 
your own sal lev dvtumes and heat transfer problems Introductory 
user guide plus shipping and handling fee $30 00 

Call 213/452-2158 


1661 Lincoln Boulevard 
Suite 200 

Santa Monica, CA 90404 
(213) 452-2158 
FAX (213) 399-6421 
Telex 705578 

East Coast Office: 
(412) 782-2425 

DEALER INQUIRIES WELCOME 
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To prepare the pin puller for reuse, one 
disassembles the top portion of the me- 
chanism, replaces the spacer, reassem- 
bles the top portion, and reloads the piston 


against the large spring while cocking the 
arm against the small spring. The large 
spring can be changed to change the pull. 
This work was done by Son Ngo and 


Rodger Farley of Goddard Space Flight 
Center and Ed Devine of Swales Associ- 
ates. No further documentation is available. 
GSC-13355 


Long-Lived, Replaceable Low-Pressure Seals 

Simple units operate by metal-spring and elastomeric compression. 


Marshall Space Flight Center, Alabama 


A type of gasket suitable for use on 
hatches and windows combines the ad- 
vantages of low leakage, long life, and easy 
replacement. A typical gasket of this type 
consists of a metal spring plate with an 
elastomeric jacket (see figure). The K- 
shaped cantilever springs on the plate hold 
the jacket against the structure to be 
sealed. The light spring force on the jacket 
ensures a tight, low-leakage seal, even in 
vacuum and extreme cold. The flanges to 
be sealed to each other by the gasket can 
thus be made smaller and lighter than if 
a metal-to-metal contact were used. The 
elastomer is subject to only moderate 
compression force and therefore lasts 
longer than a purely elastomeric gasket 
does because it does not acquire as much 
of a compression set. 

The gasket is used between two flat 
flanges to be sealed to each other; e.g., 
one on a window or hatch and the other 
on the supporting structure. Fasteners on 


the window flange retain the gasket, main- 
taining a light load on it and thus securing 
the elastomer jacket when the two flang- 
es are separated. When the flanges are 
brought together, the spring arms begin to 
deflect and carry load. This continues un- 
til the gasket plate contacts both flanges, 
at which point the seal is fully compressed. 
Any further load that tends to push the 
flanges together is taken up by the gasket 
plate. The seal is a double one; a barrier 
to flow is maintained at both flanges. 

The elastomer jacket supports itself 
when it is compressed. It thus provides 
some degree of seal even if one of the 
spring arms fails. 

When a jacket eventually deteriorates 
and must be replaced, the sealed flanges 


are separated and the fasteners are loos- 
ened. This makes it easy to slip the jacket 
off the spring arms. The flanges can be 
cleaned easily; it is not necessary to pry 
an O-ring out of a dovetail groove. A new 
jacket is slipped on the arms, the fasteners 
are retightened, and the flanges are re- 
joined. Replacement jackets can be fold- 
ed and stored in a small space. 

This work was done by Bruce Weddendorf 
of Marshall Space Right Center For fur- 
ther information, Circle 10 on the TSP Re- 
quest Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 16]. Refer 
to MFS-28521. 


The Ring-Shaped Gasket has a rectangular cross section from which paired cantilever 
spring arms extend in a K-shape. In the unassembled state, the arms hold elasto- 
meric jackets lightly but securely. When assembled between flanges, the arms and 
jackets become compressed and form an airtight seal on both flanges. 


Electrodeposited Flexible Shoft 

COUPLINGS 

for criticol positioning applications 

Our flexible shaft couplings provide zero backlash 
and windups as low as 0.17 arc sec/in. oz. Their 
ability to absorb parallel shaft misalignments to 
.068 in., angular misalignments to 31 °, and axial 
movements of 0.310 in. while transmitting torque, 
makes our couplings ideal for critical positioning. 

Our “stock” line of couplings have O.D.’s 
from .250 in. to 2.40 in., and 
overall lengths from 0.480 in. 
to 2.16 inches. 



FREE 

Sample and 
Product Guide 



The Specialists in Miniature Bellows-Couplings-Contacts 

501 Little Falls Road 
Cedar Grove, NJ 07009 
(201) 785-4630 • Telex: 384233 
Fax: (201) 785-0756 
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Hardware, Techniques, 
and Processes 

99 Anthropomorphic Robot 101 Self-Motion Manifolds of Books and Reports 
Hand and Teaching Glove Redundant Manipulators 101 Variable-Speed 

100 Unbalanced Rotating Instrumented Centrifuges 

Masses for Scanning 


Anthropomorphic Robot Hand and Teaching Glove 

Motions of the operator’s fingers control motions of the corresponding robot fingers. 


Goddard Space Flight Center, Greenbelt, Maryland 


A robotic forearm-and-hand assembly 
manipulates objects by performing wrist 
and hand motions with nearly human 
grasping ability and dexterity. The robot im- 
itates the hand motions of a human op- 
erator who controls the robot in real time 
by programming via an exoskeletal “teach- 
ing glove" (see figure), "lelemanipulator sys- 
tems based on this robotic-hand concept 
could be useful where humanlike dexteri- 
ty is required. Underwater, high-radiation, 
vacuum, hot, cold, toxic, or otherwise in- 
hospitable environments are potential ap- 
plication sites. The system is particularly 
suited to assisting astronauts on a space 
station in safely executing unexpected tasks 
requiring greater dexterity than the stand- 
ard gripper has. 

The robot hand is anthropomorphic and, 
more importantly, anatomically correct in 
size and configuration. Finger and thumb 
digits are sized and proportioned like those 
of an average human hand. A bracket 
emulating the palm precisely positions the 
digits with respect to each other. 

Just as the motions about the various 
joints of a human hand are actuated by 
muscles in the forearm pulling on tendons, 
the motions about the joints of the robot 
hand are caused by servomotors in the 
robot forearm pulling on cables made from 
Technora, a fiber similar to Kevlar. Each 
motor actuates the motion about one of 
the joints in response to a processed con- 
trol signal or to a real-time sensed posi- 
tion of the corresponding joint of the op- 
erator’s hand. 

The design was based on human an- 
thropometry studies, which suggest that 
skeletal characteristics of the human hand 
vary only slightly from person to person, 
differences being primarily in size (scale). 
The importance of human “anatomical 
consistency" for the field of robotics is two- 
fold; namely, as a method of control and 
gripper dexterity. By building an anatomic- 
ally correct mechanical model of the hu- 
man hand, robot control then evolves from 
primitive teach pendant to utilization of 
teach glove. Placed over the operator’s 
own hand, object manipulation now be- 

NASA Tech Briefs. September 1991 



When the heat’s on, 
and you have to know 
how much... 

Call Heraeus 
Sensor. 

Temperature sensors are on the hot seat 
today. Production is automated, processes 
are more complicated and specs are tighter. 

If you're feeling the heat, call Heraeus Sensor 
for temperature sensing products that solve 
your every problem from simple to complex. 
We stock a full range of RTDs, thermo- 
couples, assemblies, instruments and 
accessories -all 100% performance-tested 
and field - proven. And we back them up with 
the technical support you’d expect from a 
company that's been solving temperature 
measurement problems worldwide for nearly 
a century. Take the heat off yourself. 

Call Heraeus Sensor. 

— Heraeus 

S®B3®G > 

9901 Blue Grass Road 
Philadelphia. PA 19114 
(215)464-1061 
FAX: (215)698-7793 
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FREE REFERENCE CATAL06 

FOR YOUR TECHNICAL LIBRARY 




■ LENSES 

■ PRISMS 

■ MIRRORS 

■ FIBER OPTICS 

■ OPTICS 

■ LASERS 

■ MAGNETS 

■ MAGNIFIERS 

■ MOTORS/PUMPS 

■ TELESCOPES 

■ MICROSCOPES 

■ POSITIONING 

EQUIPMENT 

■ COMPARATORS 


Our new. full color catalog describes one 
of the largest and most diversified lines in 
the nation of precision lenses, optics and 
optical instruments plus many hard-to-find 
scientific and technical products used in 
science, industry and by researchers. 


Serving Industry Since 1942 

Edmund Scientific Co. 

N922 Edscorp Bldg . Barrington, NJ 08007 
Tel. 1-609-573-6250 
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Special 

Offer 


Celebrate America’s return to space 
with this high-quality sweatshirt from 
NASA Tech Briefs. Striking four-color 
design of shuttle Atlantis on white cot- 
ton blend shirt. Available in adult sizes: 
S, M, L, or XL. To order, send check or 
money order for $16.95 each + $3.50 
postage and handling to: NASA Tech 
Briefs, Dept. F, 41 East 42nd St., New 
York, NY 10017. (NY residents add 
sales tax.) Be sure to specify sizefs) 
when ordering. 

Special Bonus: Order now and receive a 

Free Full-Color NASA Space Poster! 



Electronic 

Control' 

System 


Cable From Sensors 
to Control System 


The Anthropo- 
morphic Robot 
Hand and Teach- 
ing Glove are 
parts of a telema- 
nipulator system 
that can handle 
objects with a dex- 
terity approaching 
that of the human 
operator. 


comes a function of operator intuition, with 
skills and talents inherently provided to ac- 
complish the task. 

This work was done by Charles D. 
Engler, Jr., of Goddard Space Flight 
Center. For further information, Circle 155 
on the TSP Request Card. 


This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, Goddard Space Flight Center 
[seepage 16]. Refer to GSC-13244 


Unbalanced Rotating Masses 
for Scanning 

Scans can be performed with less power and at less cost. 


Marshall Space Flight Center, 
Alabama 

Unbalanced rotating masses could be 
low-cost, low-power, lightweight means of 
generating scanning torques for scientific 
instruments. They could impart a variety 
of scanning patterns — continuous cir- 
cular, back-and-forth linear, and, with the 
aid of an indexing mechanism, raster. A 
system of unbalanced rotating masses has 
been proposed for scanning gimbaled sen- 
sors that will observe the Sun from a bal- 
loon-borne gondola. Two unbalanced mass- 
es would move the sensor aim in a circular 
pattern around the center of the Sun (see 
figure). 

A rotating-unbalanced-mass device 
would consist of a mass on a lever arm 
rotating at a constant angular velocity. The 
centrifugal force of the rotating mass would 
create a torque about the center of gravi- 
ty of the gimbaled platform. The torque 
would move the platform and sensors in 
the requisite scanning pattern. A torque 
motor, a device tachometer, a resolver or 
encoder, and feedback control electronics 
would be used to make the device rotate 
at constant angular velocity. 

In a system like that of the balloon-borne 
experiment, the motions of the two un- 
balanced masses would have to be syn- 
chronized electronically so that their rota- 
tions would produce the required effect. 

Compared with older scanning systems, 
rotating-unbalanced-mass systems offer 
important advantages. In the balloon ex- 
periment, for example, reaction wheels 



Rotating Unbalanced Masses would pro- 
duce linear or circular scans. The scanning 
rate would be determined by the sizes of 
the moment arms and the rotational veloci- 
ties. 
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would consume much more power — 174 
W versus 21 W for the unbalanced mass- 
es. Reaction wheels would also be more 
expensive. Thrustors are more expensive 
and rely on limited supplies of propellant. 
Torque motors used to rotate entire plat- 
forms (instead of only the unbalanced 
masses) generate reaction torques in the 
supporting structure, which can disturb the 


experiment. 

Reaction wheels, thrustors, torque mo- 
tors, or control-moment gyros would still 
be needed to center scans or for indexing 
them in rasters. However, the torques 
needed for these purposes would be low, 
and the units would be small. 

This work was done by Michael E. Polites 
of Marshall Space Right Center For fur- 


ther information, Circle 94 on the TSP Re- 
quest Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, Marshall Space Flight Center 
[seepage 16]. Refer to MFS-28425. 


l' 1 - ■■ 'W BTTT I I — "I i ^_. l * - T— ■ P 11 ■ »■ « 1 "I 

Self-Motion Manifolds of Redundant Manipulators 

A new perspective on redundancy can yield alternative control strategies. 


NASA’s Jet Propulsion Laboratory, Pasadena, California 


Self-motion manifolds are introduced in 
a new approach to the characterization of 
self-motions of a robotic manipulator that 
has redundant degrees of freedom. Self- 
motions, which are made possible by the 
redundancy, are those motions of the robot 
joints that leave the position of the end ef- 
fector unchanged. In much of the previous 
research on redundant manipulators, the 
approach has been to resolve the redun- 
dancy by optimizing the redundant mo- 
tions of the joints with respect to additional 
criterion functions while commanding the 
end effector to follow the desired trajectory. 

The previous approach has involved the 
use of a pseudoinverse of the Jacobian 
matrix (which consists of derivatives of the 
coordinates of the end effector with re- 
spect to the coordinates of the joints) in 
optimizing locally — that is, within a small 
range of redundant motions. In the alter- 
native approach, the kinematics of the 
robot are reformulated via a manifold map- 
ping that stresses global, rather than local, 
kinematic analysis. Within this theoretical 
framework, the infinite number of redun- 
dant solutions of the inverse kinematic 
problem (the problem of finding the trajec- 


tories of the joints as functions of the de- 
sired trajectory of the end effector) are 
naturally interpreted as a set of self-motion 
manifolds (see figure) rather than in terms 
of the Jacobian null space. 

This approach is useful in the study of 
redundant manipulator kinematics. In ad- 
dition, the problem of the resolution of re- 
dundancy can be posed equivalently in 
this approach as the problem of the con- 
trol of self-motions, and the self-motion 
manifolds are useful in investigating, inter- 
preting, and formulating both local and 


global techniques for the resolution of re- 
dundancy. Redundancy can be resolved 
by direct control of a set of self-motion pa- 
rameters, by direct control of a related set 
of kinematic functions defined by the user 
and the use of these functions to construct 
an augmented Jacobian, or by optimiza- 
tion with an objective function. 

This work was done by Joel W. Burdick 
and Homayoun Seraji of Caltech for 
NASA's Jet Propulsion Laboratory For 
further information, Circle 136 on the TSP 
Request Card. NPO-17965 

The Self-Motion 
Manifold of a three- 
arm planar robotic 
manipulator with the 
end effector located 
at point 2 is a closed 
curve in the three di- 
mensional space of 
the joint angles. For 
point 1 , there are two 
manifolds — both spi- 
ral lines. 



Books and Reports 

These reports, studies, handbooks are avail- 
able from NASA as Technical Support Pack- 
ages (TSP's) when a Request Card number 
is cited; otherwise they are available from 
the National Technical Information Service. 

Variable-Speed 
Instrumented Centrifuges 

Image and data recording 
and controlled temperature 
and gravity would be provided 
for 12 experiments. 

A report describes a conceptual pair of 
centrifuges, the speed of which could be 
varied to produce a range of artificial 
gravities in a zero-gravity environment. The 
microprocessor-controlled centrifuges 
would include video cameras to record 
stop-motion images of experiments. 

The centrifuge speed would be variable 
from 0.66 to 75.6 r/min, creating accelera- 
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tions ranging from 0.0001 to 1.3 times the 
gravitational acceleration at the surface of 
the Earth. Potential applications of the 
machine include studies of the effect of 
gravity on the growth and on the produc- 
tion of hormones in corn seedlings, ex- 
periments with magnetic flotation to sepa- 
rate cells, and electrophoresis to separate 
large fragments of deoxyribonucleic acid. 

Each centrifuge would be independent- 
ly controlled and would accommodate six 
experiments. Sliprings would provide 
power and signal lines for the experiment 
containers. The microprocessor would 
control the speed, temperature, displays, 
and the recording of images and data. It 
would consist of a central processor on a 
mother board, a variety of circuit boards 
custom-designed for the experiments, and 
a digitizer to transfer video data to disks. 

The video cameras would include 
charge-coupled devices that can store im- 


ages in their memories in less than one-six- 
tieth of a second. One camera would be 
provided for each centrifuge. Infrared light 
would be flashed on an experiment con- 
tainer, and the camera would record the 
image. The image of a rapidly moving ob- 
ject would not be blurred but merely elon- 
gated in the direction of motion. This distor- 
tion could be removed, if necessary, by 
subsequent data processing. 

Video and other data would be stored on 
two 3.5-in. (8.9cm) floppy disks. Each disk 
could accommodate more than 3.2 Mb of 
formatted digital information at a rate of 
500 kb/s. 

This work was done by David K. 
Chapman and Allan H. Brown of MICROG 
Research Inc. for Kennedy Space Cen- 
ter To obtain a copy of the report, 
“ Variable Speed Mid-Deck Centrifuge, ” 
Circle 42 on the TSP Request Card. 
KSC-11383 
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Fabrication Technology 


Hardware, Techniques, 
and Processes 

102 Quick-Connect/Disconnect 
Joint for Truss Structures 

103 Salt Filler for Making 
Covered Channels 


104 Sealing Out-of-Round 
Tubes With O-Rings 

104 Staking Pliers 

105 Pressure Roller for 
Tape-Lift Tests 


106 Initiating Growth of Crystals 
Away From Container Walls 

107 Gradient Tempering of 
Bearing Races 

108 Ultrasonic Device Would Open 
Pipe Bombs 

108 Composite-Material Airflow Vane 

109 Microwave Levitation of Small Objects 


Quick-Connect/Disconnect Joint for Truss Structures 
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DETAIL OF GROOVED SECTION 


Halves of the Connector are shown before (top) and after (middle) assembly. The drawing of 
the grooved half (bottom) shows the spring-loaded cone in its unreleased position. When the 
flanged half is inserted in the groove, it moves the lever of the trigger mechanism upward. 
The cone then shoots into the grooved half. 


A simple connector could 
be used for temporary 
structures and pipes. 

Lyndon B. Johnson Space 
Center, 

Houston, Texas 

A truss connector joins and aligns struc- 
tural members. The connector can be at- 
tached without tools in less than 2 seconds 
and can be taken apart just as quickly and 
easily. Developed for assembling struc- 
tures in outer space, the connector may 
also be useful for temporary terrestrial 
structures like scaffolds and portable 
bleachers. With modifications, it could be 
used to join sections of pipelines carrying 
liquids or gases. 

The connector consists of two sections, 
one flanged and the other with a mating in- 
ternal groove (see figure). As the flanged 
half is inserted in the grooved half, the two 
sections bring themselves into axial align- 
ment. Simultaneously, the flange activates 
a trigger mechanism that releases a spring- 
loaded cone that is concentric with the 
grooved section. The cone slides from the 
grooved section into the flanged section, 
locking the halves together. A large nut on 
the flanged half is tightened by hand against 
the grooved half to secure the connection. 

A pin is mounted on the cone and ex- 
tends out from a slot on the grooved sec- 
tion. It thus shows the position of the tube; 
the pin is at far end of the slot (away from 
the joint) before the flange is inserted, and it 
is at the near end after the flange has re- 
leased the cone. 

The pin can also be used to open the 
connector. The operator returns the pin to 
its original position, thereby reloading the 
cone against its spring, and loosens the nut. 
The sections can then be pulled apart. 

This work was done by Benny B. Sprague 
of Johnson Space Center For further in- 
formation, Circle 164 on the TSP Request 
Card . 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
16]. Refer to MSC-21539. 
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Salt Filler for Making Covered Channels 

Metal salts offer ease of application, resistance to high-temperature processing, and ease of removal. 


Marshall Space Flight Center, Alabama 



Step 1: Machine Structure 
to Basic Size and Shape 


Passages 



Step 2: Machine Passages 
in Structure 


Metallic 



Step 4: Plasma Spray Lid Over Salt-Filled 
Channels and Adjacent Surface of Structure 



Step 5: Dissolve Sait Filler 
To Clear Channels 


Machined Channels Are Filled With Salt, 

which serves as a substrate for a plas- 
ma-sprayed metal lid. The salt is then 
rinsed away from under the lid to clear the 
passages. 

NASA Tech Briefs, September 1991 


In a simple fabrication technique, metal 
salts are used to create such subsurface 
channels as those for coolant in a metallic 
heat exchanger. Metal salts are readily 
available, are easy to apply, and can be 
removed easily and quickly. Previous filler 
materials have included waxes, which are 
easily removable by melting at low tem- 
peratures but, therefore, may not withstand 


high temperatures used in fabrication; and 
aluminum, which can withstand higher 
temperatures but has to be removed by 
dissolving it in acid. 

Open channels are first machined in the 
metal heat exchanger or other structure 
(see figure). The metal salt or mixture of 
salts, which may be crystalline, powdered, 
or granular, is mixed with a small amount 


Advanced coating 
and laminating 
technology 


Rexham custom coats 
and laminates flexible 
films, foils, papers and 
fabrics for use in elec- 
tronics, aerospace, graphics, 
and other high-performance 
applications. 

Whether your need is 
development, production, 
additional capacity or a 
second source, Rexham 
provides the resources, 
including— 

• Manufacturing plants in 
the U.S. and Europe 

• Clean room manufa< 
Coating a 
milluiflB 


• Extensive analytical 
capabilities 

• Latest on-line quality 
inspections 

Caul for our Creden- 
tials Package. Complete 
confidentiality guaranteed. 


RE XHAM 

INDUSTRIAL 

P.O. Box 368, Matthews, NC 28106 
TEL 704/847-9171 
FAX 704/845-4333 


laminating precision 
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3M Reveals 
New Long Term 
EMI/RFI 
Shielding Tape 

Tin-alloy coating on both 
sides of copper foil offers 
superior solderability, 
environmental stability. 


AUSTIN, Tex. - This new UL Recognized 
Scotch™ Foil Shielding Tape 1183 employs 
a tin-alloy coating on smooth copper foil to 
produce a durable and effective electro- 
magnetic shield. 

The tape is a tin- 
alloy coated ver- 
sion of the widely 
used3M 1181 Tape 
and provides shield- 
ing when wrapped 
around flat and 
round cable, and 
cable connectors. 

The unique elec- 
trically-conductive 
adhesive enables 
1183 tape to make 
electrical connec- 
tions across seams 
and between mat- 
ing sections, of 
electronic enclo- 



The tin-alloy coating is 
on both sides of the 
copper for thorough 
protection. 


sures ranging from small equipment 
housings to large shielded rooms. The tape 
can also shield the energy radiating from 
seams between the sectors of dish 
antennas. 

The special tin-alloy coating on both 
sides of the foil provides two significant 
benefits. 

1 . Thorough environmental stability and 
corrosion resistance. 

2. Exceptional solderability for applica- 
tions such as sealing the seams when 
the tape is used as a shield around 
cable connectors. 


3M 1 183 Tape also serves as a corrosion 
resistant contact surface for conductive 
gasketing, beryllium copper “spring 
Fingers" or other resilient conducting media 
used around doors and openings of 
electronic cabinetry. 

For more information about all 3M Foil 
Tapes, contact a 3M Electrical Specialties 
Division representative or authorized 
distributor or call 1-800-233-3636. 


3M Electrical Specialties Division 

PO Box 2963 
Austin, TX 78769-2963 



of water or other solvent, and the resulting 
paste is placed in the open channels. The 
structure is heated in an oven to dry the 
paste. 

A layer of metal is deposited on the 
structure by vacuum plasma spraying, 
sealing the channels. The metal salt or salt 
mixture has a melting temperature higher 
than those of waxes and aluminum and, 
therefore, can withstand the high temper- 
ature of plasma spraying. After plasma 
spraying, the salt filler is dissolved quick- 
ly and easily and flushed away with water 


or other appropriate solvent, leaving be- 
hind the covered channels. 

This work was done by Timothy N. 
McKechnie and Richard R. Holmes of 
Rockwell International Corp for Marshall 
Space Flight Center No further docu- 
mentation is available. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 16]. Refer 
to MFS-29729. 


Sealing Out-of-Round Tubes With O-Rings 


Shells of connectors for electrical cables are adapted 
to seal tubes against pressure or vacuum. 



NASA 's Jet Propulsion Laboratory, Pasadena, California 


Glass or ceramic tubes that are out-of- 
round can be sealed effectively by ordinary 
Orings in caps of modified hydraulic fitt- 
ings. In a typical connection, the O-ring is 
squeezed between two surfaces that have 
inward-opening slants of 5° or 10° (see fig- 
ure). The slanted surfaces force the ring in- 
ward, compressing it around the tube. The 
connector metal fitting, tightened by hand 
around an O-ring, can seal the O-ring 
against a tube as much as 1/16 in. (1.6 mm) 
out of round. 

Standard aluminum or stainless-steel 


AN fittings can be readily adapted by 
machining small amounts of material from 
the ends of the mating parts (see figure). 
The modified connectors can seal glass or 
ceramic tubes against gas or vacuum leak- 
age in furnaces, vacuum systems, and 
tubes for glassblowing equipment. 

This work was done by Paul J. Shlichta 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, Circle 
156 on the TSP Request Card. 

NPO-17791 


Parts of AN Con- 
nectors (top) are ma- 
chined to remove ma- 
terial shown in color. 
The parts are then 
mated so that they 
squeeze an O-ring in- 
ward against a tube 
(bottom). 



Staking Pliers 

Pliers with a simple modification deform threads 
quickly, easily, and inexpensively. 



Lyndon B. Johnson Space Center, Houston, Texas 

A modified pair of ordinary pliers de- prevent a loosened nut from backing off 
forms the thread on a bolt after a nut has under vibrations or impact. The staking 

been screwed on it. The deformed threads pliers are used in place of the center 
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punch and hammer formerly used to stake 
(deform) the thread. In comparison with 
the center punch and hammer, the pliers 
are easier and faster to use and less like- 
ly to damage parts. 

The modification consists of (1) drilling 
and tapping a hole in one of the jaws and 
inserting a hardened setscrew with a 
sharply ground point in the hole and (2) put- 
ting a notch in the tip of the opposing jaw 
(see figure). When the jaws are clamped 
on a bolt, the point of the setscrew is 
driven into the thread, reshaping it so that 
the inside thread of a nut can no longer 
slide on it. The notch in the jaw opposite 
the setscrew centers and holds the bolt 
while the point presses into it. 

This work was done by E/wood S. Falls 
of Johnson Space Center For further in- 
formation, Circle 14 on the TSP Request 
Card. M SC-21 725 



Ordinary Pliers are modified by the addition of a hard-pointed setscrew in one jaw 
and a groove in the opposite jaw. When the jaws are squeezed together on a bolt, 
the point deforms the thread. 


Pressure Roller for Tape-Lift Tests 

A simple, easy-to-use tool provides more nearly uniform pressure. 
Goddard Space Flight Center, Greenbelt, Maryland 


This Simple Tool ex- 
erts a nearly constant 
pressure via compres- 
sion of the sheath by a 
fixed amount. Pins hold 
the wheels on the cyl- 
inder and the cylinder 
on the tangs of the 
handle. The cylinder 
and handle can be 
made of metal or plas- 
tic. The sheath can be 
press-fit or glued to the 
cylinder. The end pins 
can be attached to the 
cylinder by adhesive or 
screw threads. 


iT\ 
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A rolling device applies a nearly con- 
stant, uniform pressure to a surface. The 
device is intended for use in taking tape- 
lift samples of particulate contamination 
on the surface. 

Heretofore, the usual method of taking 
such a sample has been to lay the sticky 
side of an adhesive tape on the contam- 
inated surface, smooth it with the fingers, 
then remove the tape, and examine it un- 
der a microscope to determine the number 
and size of contaminant particles. With this 
method, however, it is practically impossi- 
ble to ensure that a constant pressure is 
applied evenly over the tape when it is 
smoothed. Therefore, particles may cling 
more in certain areas and less in others, 
and the accuracy of the measurement 
becomes questionable. 

The rolling device is used in place of 
the fingers to ensure that nearly the same 
pressure is applied over the entire area of 
the tape. The pressure applied is also in- 
dependent of the user. The device includes 
a sheath of foam rubber or other suitable 
elastomeric material on a cylinder that has 
wheels at its ends. The cylinder is mounted 
to rotate on a handle (see figure). The 
diameter of the wheels is greater than that 
of the cylinder but less than that of the 
sheath. The user grasps the handle of the 
device and pushes it against the surface, 
compressing the sheath until the wheels 
make contact with the surface. The user 
thus compresses the foam a fixed amount, 
and consequently the foam applies a near- 
ly constant pressure to the surface. The 
foam also conforms to slight irregularities 
of the surface. 

Keeping the wheels in contact, the 
NASA Tech Briefs, September 1991 


user rolls the sheath across the tape to 
apply the pressure for the collection of 
particles. The inspection for contamination 
is thus done under consistent, repeatable 
conditions. 

The pressure can be changed in either 
of two ways: 

• Changing the diameter of the wheels. A 


smaller diameter increases the pressure, 
while a larger diameter decreases it 
(eventually reaching zero when the di- 
ameter of the wheel matches that of the 
sheath). 

• Changing the thickness or the material 
of the sheath. For example, a stiffer foam 
rubber applies greater pressure for a 
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given distance of compression. 

This work was done by Eve Abrams 

Goddard Space Flight Center For fur- 
ther information, Circle 20 on the TSP Re- 


quest Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 


clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, Goddard Space Flight Center 
[see page 16]. Refer to GSC-13230. 


Initiating Growth of Crystals Away From Container Walls 

Nucleation would be controlled to obtain better crystals. 


Marshall Space Flight Center, Alabama 


In a technique proposed specifically for 
growing large protein crystals in micro- 
gravity (where there is no thermal convec- 
tion), a small region of high supersatura- 
tion would be created by injection of hot 


concentrated solution or by use of a cold 
probe. The crystals would nucleate pref- 
erably in this small region. It is also at least 
conceivable that this technique could be 
applied on Earth to crystallizations in melts 





Less is more. Less parts, less assembly 
steps, less assembly time — all yield 
more productivity and more cost 
reductions. To achieve this, designing 
for assembly (DFA) is critical. 

PEM® products address this require- 
ment. Just punch or drill a hole and 
press a PEM fastener into place. PEM 
self-clinching fasteners install per- 
manently into thin sheets. There are 
fewer parts and fewer total pieces to 
handle during assembly. We offer 
threadless and multi-function fasteners 
to further meet your DFA needs. 

These include SNAP-TOP® (shown in 
photo above) and KEYHOLE® stand- 
offs which eliminate the need for quick 
alignment of mating parts, P.C. 
board fasteners and many others. 


Here's the clincher 
for anyone who 
designs for assembly. 





For automated installation, our 
PEMSERTER® press quickly installs 
PEM fasteners to gain lower total 
assembly time. 

If you want less to give you more, 
contact us. We can show you how 
PEM fasteners and presses can help 
you meet your DFA needs. 

For your FREE condensed catalog, 
circle the number below. However, for 
a complete fastener specifications & 
design data catalog, 
call our toll-free 
number below. Or 
FAX us at 
215-956-0366. 


1 - 800 - 237-4736 



Penn Engineering & Manufacturing Corp. • Box 1000 • Danboro, PA 18916 
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and solutions that are sufficiently viscous 
to suppress convection to the extent nec- 
essary to prevent cooling-induced nuclea- 
tion in undesired sites. 

Heretofore, nucleation in microgravity 
has typically been induced by cooling the 
walls of a growth chamber to cool a satur- 
ated or nearly saturated solution in the 
chamber. Because the solution near the 
walls becomes supersaturated first as the 
cooling diffuses inward through the solu- 
tion, many crystals form first on the walls, 
which undesirably modify the growth of 
these crystals. Furthermore, the sizes of 
resulting crystals are undesirably limited 
because the solution is rapidly depleted 
of solute. 

In the first version of the proposed tech- 
nique (see figure), a plunger controlled by 
a micrometer would force a drop of hot, 
highly concentrated solution from a reser- 
voir into a body of less-concentrated (but 
nevertheless at least slightly supersaturat- 
ed) growth solution. Provided that there 
was negligible convection and the thermal 
diffusivity was greater than the mass dif- 
fusivity, the injected drop would cool and 
become highly supersaturated before its 
concentration could be reduced by diffu- 
sion of mass into the surrounding less- 
concentrated growth solution. Nucleation 
would then occur for a short time. After 
nucleation, diffusion of mass would cause 
the region of high supersaturation to dis- 
sipate. The degree of saturation surround- 
ing the nuclei of the crystals would then 
return to the ambient value, preventing fur- 
ther nucleation. Diffusion-controlled growth 
of the few crystals nucleated in this region 



Nucleation of Crystals would be induced 
in the growth solution by injection of a 
drop of hot, highly concentrated solution 
to form a small, highly supersaturated 
region away from the walls. 
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would then proceed without interference 
from surfaces. 

In the second version of the proposed 
technique, a rod with cold tip would be in- 
serted into the supersaturated growth solu- 
tion. Nucleation would occur in the small 
region of cooled solution near the tip, and 
the growth of the resulting crystaKs) would 
deplete the solute from the region of the 
solution adjacent to the growing faces; this 


region would remain stable in the absence 
of convection. Provided that thermal diffu- 
sion in the solution is faster than is mass 
diffusion (as is usually the case), the solu- 
tion adjacent to the depleted region would 
cool and become highly supersaturated 
before mass diffusion depleted this part of 
the solution also Nucleation would then oc- 
cur in this region, the effect being similar 
to that of the hot-fluid-injection technique. 


This work was done by Roger L Kroes, 
Donald A Reiss, and Sandor L behoczky 

of Marshall Space Right Center For fur- 
ther information, Circle 16 on the TSP Re- 
quest Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 16]. Refer 
to MFS-28473. 


Gradient Tempering of Bearing Races 

Fracture toughness is increased, and stress-corrosion cracking reduced. 


A gradient-tempering process could in- 
crease the fracture toughness and the re- 
sistance to stress-corrosion cracking of 
ball-bearing races that are made of hard, 
strong steels and that are subject to high 
installation stresses and operation in cor- 
rosive media. This process could also be 
used in other applications in which local 
toughening of high-strength/low-toughness 



Figure 1 Heat Applied Radially to the Bore 

of a bearing race causes gradient tem- 
pering, which increases its resistance to 
stress-corrosion cracking. 


Hardness, 
Rockwell C 

[\ 



i.d. 

SECTION A-A 



Figure 2. The Gradient Tempering of the 
bearing race is projected to yield this hard- 
ness gradient. 


Marshall Space Flight Center, Alabama 
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RADIOGRAPHY 


Radiography is iust one of the many applications possible 
with Kevex X-RAY’s patented portable X-ray source, the PXS. 

The PXS can create new market opportunities for your products. The 
design eliminates the bulk associated with conventional X-ray systems 
allowing your products to be portable, lightweight and compact. 

Some new products to date include: 

■ A portable real-time imaging system for detection of tampered 
products in the field 

■ A radically different altimeter for the next generation of aircraft 
• An on-line thickness gauge used in 100°C environments 

■ A compact X-ray fluorescence system 

■ A tabletop double crystal diffractometer 

■ An airborne meteorological device for measuring particle distribution 

All possible because of the self-contained compact X-ray energy source, 
the PXS. 

Kevex X-RAY integrated a miniature X-ray tube and a high voltage power 
supply into one compact, 5 lb. package. Operational from a 12 volt 
DC battery, this highly regulated, highly stable source has all the high 
voltage components molded internally. As a result there are no high 
voltage cables or connectors to work around. 

Designed, manufactured, and sold only by Kevex X-RAY. Call or write 
Kevex X-RAY today for information on our complete line of portable 
sources including the 10 micron focal spot PXS. 
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P.0. Box 66860 

Scotts Valley. CA 95066 408-438-5940 
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materials is required. This toughening re- 
duces the strength of the toughened re- 
gions, but provided that it is properly local- 
ized, it should not significantly degrade the 
load-carrying capacities of the treated 
parts. 

The gradient-tempering process was 
conceived for use on the races of bear- 
ings in a turbopump in the Space Shuttle 
main engine. Heretofore these races have 
been processed in a manner that has re- 
mained basically unchanged for many 
years. They have been machined, austeni- 
tized, tempered, and low-temperature- 
soaked, then subjected to a final tempering 
operation. These typical thermal treat- 
ments impart uniform hardnesses through 


the thicknesses of the races. Unfortunate- 
ly, the typical uniform hardness of 60 Rock- 
well C entails susceptibility to failure in two 
modes: stress-corrosion cracking and the 
growth of precritical cracks and other 
defects. 

The most effective way to protect a bear- 
ing race or other part against failures in 
these modes is to increase its fracture 
toughness and decrease its strength in 
such critical regions as sharp corner radii 
and the inner surfaces of holes. This is ac- 
complished by the gradient-tempering op- 
eration (see Figure 1), in which a highly 
localized intense flux of heat is used to 
bring about localized tempering without af- 
fecting the surrounding bulk of the material 


and without causing such damage as 
melting or the growth of grains in the 
tempered section. The flux of heat is direc- 
tional and can be provided, for example, 
by a laser, or by an electromagnetic- 
induction device. Figure 2 shows the pro- 
jected hardness gradient of the race of 
Figure 1 after tempering by this process. 

This work was done by Richardson A. 
Parr of Marshall Space Flight Center 
For further information, Circle 115 on the 
TSP Request Card. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 16]. Refer 
to MFS-28496. 


Ultrasonic Device Would Open Pipe Bombs 

A conceptual device would safely remove end caps. 

NASA's Jet Propulsion Laboratory, Pasadena, California 



A proposed piezoelectric vibrator would 
assist in disabling homemade pipe bombs 
with little or no risk of explosion. Clamped 
to the ends of the bomb, the device would 
send high-frequency, low-amplitude sound 
waves into a threaded cap (see figure). The 
waves would generate fatigue cracks at 
the roots of the pipe thread. The cracks 
would grow and sever the threaded end 
from the pipe body. The caps could then 
be safely removed. 

Almost all pipe bombs include steel pipe 
and end caps purchased at hardware 
stores. In a typical bomb, an explosive or 
conflagrating material is placed in the pipe, 
the caps are screwed on, and a detona- 
tion fuze is inserted through a hole in one 
of the caps. Bomb-disposal technicians 
disarm the bomb by removing the fuzed 
cap. Currently, they do this by obliquely 
directing a water jet or a slug of dental 
amalgam and steel shot at a point on the 
edge of the fuzed cap. This shears the pipe 
at the thread. However, it produces a sud- 
den, large deformation at the point of im- 
pact that can easily transmit a stress pulse 
that detonates the bomb material. 

The piezoelectric transducer in the pro- 
posed disabling device would vibrate at an 
ultrasonic frequency that would resonate 
only the steel shell, not the material inside. 
The approximate frequency would be cal- 


culated from the dimensions and geome- 
try of the standard piping parts used in the 
bomb. This calculation is expected to be 
within 5 percent of the proper value. The 
device would scan frequencies within this 
range and sense the resonance: it would 
then hold this resonant frequency until the 
pipe breaks. The best position for the 
transducer would also be determined from 
the geometry of the piping. 

Before energizing the transducer, the 
bomb technician would attach a preload- 
ing mechanism to apply an outward force 
on the caps. The force would eject the 
fuzed cap from the explosive material at 
the moment of fracture. 


A Piezoelectric Ul- 
trasonic Trans- 
ducer, energized by 
a frequency genera- 
tor and a power sup- 
ply, would vibrate the 
shell of a pipe bomb 
while hardly disturb- 
ing the explosive in- 
ner material. Fre- 
quency-control cir- 
cuitry would sense 
resonance in the 
shell and hold the 
generator at that fre- 
quency to induce fa- 
tigue cracking in the 
threads of the end 
caps. 

In addition to its use in disarming bombs, 
ultrasonically induced fatigue may have 
other applications. In manufacturing, it 
might replace some machining and cut- 
ting operations. In the repair of equipment, 
it could cleanly and quickly disassemble 
corroded parts. In the demolition of build- 
ings it might be used to dismember steel 
framework safelv and controllablv. 

This work was done by Michael S. El- 
Raheb, Marc A. Adams, and James G. 
Zwissler of Caltech for NASA’s Jet Pro- 
pulsion Laboratory. For further informa- 
tion, Circle 107 on the TSP Request Card. 
NPO-17951 


Composite-Material Airflow Vane 

A lightweight replacement for a balsa-wood part produces more-consistent results. 
Langley Research Center, Hampton, Virginia 


“Alpha/beta” lightweight instrumenta- 
tion vanes made of a composite of pheno- 
lic, epoxy, and fiberglass are stronger and 
more accurate than are conventional 
vanes made partly of balsa wood. The 
vanes are used for measuring the direction 
of airflow over aircraft surfaces during 
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flight testing. The older, balsa-wood vanes 
were difficult to fabricate, broke easily, and 
changed in weight and shape as tempera- 
ture and humidity varied, yielding unre- 
liable data. 

A vane of the new type consists of a 
sandwich of phenolic honeycomb between 


fiberglass skins. Each skin is molded from 
two layers of 0.0015-in. (0.038-mm)-thick 
fiberglass cloth with the weave oriented at 
45 ° to the longitudinal axis of the vane. The 
honeycomb structure, which is 1/8 in. (3.2 
mm) thick and has cells spaced 3/16 in. (4.8 
mm) center to center, is bonded to the 
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This Airflow Vane on a Stem has a phenolic honeycomb core sandwiched between fiber- 
glass/epoxy skins. Its dimensions are 4750 x 2.375 in. (120.6 x 60.3 mm). 


skins with epoxy adhesive. 

Fabrication begins by placing the dry 
fiberglass cloth layers into the prepared 
mold cavity and carefully wetting the glass 
with epoxy resin. A silicone rubber plunger 
is used to apply pressure until the resin has 
cured. The honeycomb is then bonded to 
the skin surface with epoxy resin and 
allowed to cure. The next step is to remove 
the workpiece and bond it to the remaining 
cured skin with epoxy resin in a similar 
manner. A steel stem is bonded to the vane 
with epoxy adhesive. Finally, an over-wrap 
of 0.001 5*in (0.038-mm) fiberglass cloth is 
applied around the stem and vane with 
epoxy resin (see figure). 

The fabrication time for the new vanes is 
far less than for the old ones, because it is 
no longer necessary to select balsa wood 
manually to ensure the quality of the 
material. Moreover, many vanes can now 
be made at once in a gang mold. 

The all-synthetic-nnaterial vanes absorb 
little or no moisture and thus provide more 
repeatable measurements. Because they 
weigh about the same as balsa vanes do, 
no instrumentation changes are needed. If 
a vane should break away from its stem, it 
is not likely to damage an aircraft engine if 


Microwave radiation in resonant cavities 
would be used to levitate small objects, 
according to a proposal. This technique 
was conceived for use in experiments on 
the processing of materials in the low gra- 
vitation of outer space, but it could also 
be used in normal Earth gravitation, albeit 
under some limitations. 

In principle, almost any electrically po- 
larizable material could be levitated by mi- 
crowaves. Unlike in magnetic or electro- 
static levitation, no feedback control system 
would be required to keep the levitated ob- 
ject at a position of stable equilibrium. Un- 
like in acoustic levitation, it would not be 
necessary to maintain an atmosphere of 
a particular gas at a particular temperature 
and pressure in the levitation chamber; in- 
deed, under many conditions it could be 
preferable or even essential to maintain a 
vacuum in the chamber. 

The principle of microwave levitation is 
reminiscent of that of acoustic levitation 
in that the time-averaged square of the 
magnitude of the electric field plays a role 
analogous to that of the time-averaged 
square of the acoustic pressure. A small 
object that has an electric permittivity 
greater than that of the atmosphere (this 
is always true if the atmosphere is a 
vacuum) experiences a net time-averaged 
dielectrophoretic force in the direction of 
increasing magnitude of electric field; 
more specifically, the time-averaged force 

NASA Tech Briefs. September 1991 


ingested; it will more likely crumble into 
low-density particles that pass through 
without causing harm. 

This work was done by Thomas L Vranas 

of Langley Research Center No further 
documentation is available. 

This invention is owned by NASA, and a 


is proportional to the gradient of the time- 
averaged square of the electric field. 

Exploiting this principle, the dimensions 
of the levitation chamber, the frequency 
of the microwave signal, and the method 
of coupling the signal into the cavity would 
be chosen to excite a resonant electro- 
magnetic mode or modes in which there 
would be at least one position, away from 
the walls, from which the magnitude of the 
electric field would decrease in all direc- 
tions. Such a position can be found by 
analysis of the electromagnetic modes of 
the chamber. A particle that was initially 



The Maximum Restoring Accelerations 

of levitated 1-mm spheres of water and 
sapphire were calculated as functions 
of the maximum microwave electric field 
in a 10-cm cubic cavity. 



patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 16]. Refer to LAR I 4192. 


placed at this position and that started to 
drift away would be driven back to the 
position by the restoring gradient force. 
Thus, no feedback control would be nec- 
essary to maintain stable equilibrium. 

The problem has been analyzed theo- 
retically for a cubic cavity 10 cm on each 
side, with a levitated drop of water or par- 
ticle of sapphire 1 mm in diameter. The 
figure shows the calculated maximum 
restoring acceleration as a function of the 
maximum electric field in the chamber. 
With superconducting chamber walls, one 
can achieve electric fields of about 10 7 
V/m, for which the restoring acceleration 
is of the order of normal Earth gravitation. 
Thus, it should be possible to test the 
technique on Earth. 

In practice, the usable electric field will 
probably be limited by dielectric break- 
down of the gas Of any) in the cavity and/or 
by microwave heating of the levitated ob- 
ject. Other considerations in the design of 
experiments include the choice of shapes 
and modes of the chamber to obtain 
steeper field gradients, the use of a fre- 
quency at which heating would be mini- 
mized, the use of superconducting cham- 
ber walls to obtain higher fields and/or 
decrease the required power, and forces 
on levitated objects of finite size and com- 
plicated shape. 

This work was done by John L Watkins 
and Henry W. Jackson of Caltech for 

NASA’s Jet Propulsion Laboratory 

For further information, Circle 35 on the 
TSP Request Card. NPO-18006 


Microwave Levitation of Small Objects 

Feedback control and an atmosphere would not be needed. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 
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Polynomial Transformations for Discrete-Time Linear Systems 

Procedures for least-squares best-fit approximations have been developed. 


Ames Research Center, Moffett Field, California 


Transformations based on polynomial 
matrices of finite degree have been devel- 
oped for use in computing functions for 
the compensation, inversion, and approx- 
imation of discrete-time, multivariable, linear 
systems. These transformations are appli- 
cable to cascade-compensation problems 
in the design of control systems. In such 
a problem, one system is cascaded with 
another represented by a polynomial trans- 
fer matrix to obtain a third system that 
behaves as desired. Mathematically, this 
amounts to finding the polynomial transfer- 
function matrix (“transfer matrix” for short), 
which, when convolved with the transfer 
matrix of the system, yields the desired 
transfer matrix, exactly or approximately. 

The transformation method is derived 
from the z-transform transfer-function form 
of the matrices. The first step is to pre- 
scribe a measure of the difference be- 
tween the convolution and the desired 
transfer function (the “approximation er- 
ror”). This measure is called the "L 2 
norm,” and the equation that describes it 
is manipulated into a form in which the 
least-squares approximation can be ap- 
plied to obtain a global optimum (a mini- 
mum of the approximation error) with re- 
spect to the coefficients of the polynomial 
transfer matrix. The result of this manipula- 
tion is a linear matrix equation called the 
“normal equation,” which is similar to the 
equation of the same name that arises in 
the filtering problem. 

The coefficients of the normal equation 
and the minimum approximation error are 
expressed in closed, explicit forms that 
can be shown to be the weighting patterns 
of various linear systems. These systems 
can, in turn, be used in the recursive solu- 
tion of the normal equation to obtain the 
coefficients of the desired polynomial trans- 
fer matrix. 

For example, suppose that the problem 
is to compensate a single-input/single-out- 
put system that has the transfer function 
_ (z+0.2)(z-0.5 ±0.2/ )(z+0.02 ±0.1/) 
(z-0.2)(z+0.1)(z+0.6 ±0.3/ )(z— 0.1 ±0.3/) 

by a polynomial compensator 0(z) so as 
to approximate a system that has the de- 


sired transfer function. 


(z+0.3521)(z-0.8521) 


The figure illustrates the impulse respons- 
es of the given system Q(z), the compen- 
sated system flfcWz), and the desired sys- 
tem n(z); as it clearly shows, the response 
approaches the desired response as the 
degree of the polynomial increases. 

This work was done by Yoram Baram 


of Ames Research Center Further infor- 
mation may be found in NASA TM-100027 
[N88-12344], “ Polynomial Compensation, 
Inversion, and Approximation of Discrete- 
Time Linear Systems .” 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703)487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 

ARC-12204 



IMPULSE RESPONSES OF THE GIVEN AND DESIRED SYSTEMS 



IMPULSE RESPONSES OF THE DESIRED SYSTEM AND 
SYSTEMS COMPENSATED WITH POLYNOMIALS OF VARIOUS DEGREES 


The Impulse Response of the given system is altered with polynomial compensators to 
make it behave like a desired system to various degrees of approximation. 


NASA Tech Briefs. September 1991 
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Parallel-Processing 
Algorithms for 
Dynamics of 
Manipulators 

Inertia matrix is computed 
more efficiently. 

NASA’s Jet Propulsion 
Laboratory, 

Pasadena, California 


A class of parallel and parallel/pipeline 
algorithms is presented for more efficient 
computation of the manipulator inertia ma- 
trix. Efficient computation of the inertia ma- 
trix is essential for inrplementin^ 
dynamic control schemes as well as the 
dynamic simulation of the manipulator mo- 
tion. At the present, however, the fastest 
serial algorithms for computing the inertia 
matrix are far from adequate for efficient 
real-time dynamic control and simulation. 
Hence, the exploitation of parallelism in the 
computation of the inertia matrix is the key 
factor in achieving the required efficiency. 

The parallel algorithms are derived based 
on a new algorithm for computing the iner- 
tia matrix, the Composite Rigid-Body Spatial 
Inertia algorithm, which, compared to the 
previous algorithms, incorporates less data 
dependency in the computation and hence 
provides a greater efficiency for paral- 
lelization. Two parallel algorithms are devel- 
oped that achieve the time lower bound of 
Oflog/O+Ofl) in the computation with 
Of/? 2 ) processors. These algorithms are 
designated as the First Parallel Algorithm 
and Second Parallel Algorithm (FPA and 
SPA). The architectural requirements, ie., 
synchronization and communication mech- 
anisms, for the implementation of these al- 
gorithms on a two-dimensional array of 
n(n+1)/2 processors are analyzed. It is 
shown that, while the FPA achieves a bet- 
ter computational complexity, the SPA re- 
quires a much simpler interconnection struc- 
ture 

Mapping the FFA and SPA on a linear ar- 
ray of n processors with a nearest-neighbor 
interconnection results in two new algo- 
rithms designated as the First and the Sec- 
ond Architecture-Dependent Algorithm 
(FADA and SADA) with the computational 
complexity of O(n\og/i)^O{\oQ 2 n)^O0). It 
is shown that the FADA is more efficient 
than the SADA, which implies that the FFA 
is more suitable than the SFA for implement- 
ing on a linear array. 

A Parallel/Pipeline Algorithm (PFA) is also 
NASA Tech Briefs, September 1991 


Polaroid’s Ultrasonic 
Ranging System 
opens the door 
to new technology. 

It can be found in “non-touch” 
screen computer monitors, AG V’s, 
industrial robotics, electronic 
games, tape measures, aids for the 
disabled, loading docks, collision 
avoidance systems for cars, trucks 
and pleasure vehicles. And, yes, it 
even opens doors. 

The Polaroid Ultrasonic Ranging 
System is an accurate, highly sensi- 
tive way to detect and measure the 
presence and distance of objects 
from 1 0.8 inches to 35 feet. 

What’s more, accuracy, sensitivity 
and range can all be improved with 
circuit modifications. 

Three of a kind. Polaroid offers 
three ultrasonic transducers for a 
wide variety of applications. You can 
choose the originaHnstrument- 
grade transducer, proven in millions 
of SX-70 Sonar Autofocus cameras. 
Or our Environmental Transducer, 
available in a sturdy 
housing to with- » 
stand exposure W 
to rain, heat, 
cold, salt spray, 
chemicals, shock 
and vibration. And 
now you can select our newest, 
smallest transducer, developed for 
Polaroid Spectra, the camera of the 
future. All use reliable, accurate and 
sensitive electrostatic transducer 
technology. All are backed by 
Polaroid. 






Get a $2 Million Head Start. Polaroid spent over $2 million developing the Ultrasonic Ranging 
System. But now you can get this technology in our Designer s Kit for only $165* . To order your 
Designer's Kit, please send a check or money order for $1 65 for each kit, plus all applicable state 
and local taxes, to: Polaroid Corporation, Ultrasonic Components Group. 1 1 9 Windsor Street, 
Cambridge. MA 02139. Questions? Call Polaroid's Applications Engineers at 61 7-577-4681 . 


Please send me Designer’s Kit(s). 

Please send more information. 

Name 

Title 

Company 

Address 



City State Zip. 

! 'Prong subject to change 


Polaroid 

Polaroid". -SX-70'® -Spectra" " 


PLEASE VISIT US AT SENSORS EXPO BOOTH #S47 
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developed with computational complexity 
of C^+C^og^+OO), which represents 
the fastest computation time for evaluating 
the inertia matrix on a one-dimensional lin- 
ear array of n processors. Compared to the 
FPA which achieves the best computation 
time on a twodimensional array of n(n + 1)/2 
processors, the PPA achieves a slightly 
smaller speedup but a significantly greater 
efficiency. Given this performance and the 
simple architectural requirements, the PPA 
represents an attractive alternative for ex- 
ploiting concurrency in computing the in- 
ertia matrix. The computational costs of dif- 
ferent algorithms are presented in the table 
where m and a represent the cost of multi- 
plication and addition, respectively. (|Y| de- 
notes the smallest integer greater than or 
equal to x; x* = x if x = 2 m , and x* = 
2 m if 2 m >x>2 m “ 1 .)The speedup and effi- 
ciency of different algorithms (for n = 6) 
are also evaluated and presented in the 
table. In this evaluation, the cost of multipli- 
cation and addition is taken to be the same. 


COMPUTATION COST 

ALGORfTHM 


SPEEDUP 

EFFICIENCY 


GENERAL 

n = 6 


PERCENT 

SA 

((9/2)n2 + (231 /2)n - 181)m + 
(4n 2 + 88n-137)a 

664m + 535a 

1 

100 

FPA 

(48m + 63a) flog^l + (100m + 65a) 

246m + 255a 

2.40 

12 

SPA 

(54m + 69a) flog ^1 + (94m + 69a) 

258m + 264a 

2.28 

11 

FADA 

(3a )n flog + (9m + 8 a)n - (3a)n* + 

(48m + 60a) Tlog^l + (64m + 42a) 

258m + 295a 

2.13 

36 

SADA 

(6m + Oa^Flog^l + (3m + 2 a)n - (6m + 

9 a)n* + (48m + 60a) 1 log^l + (70m + 48a) 

294m + 331a 

1.93 

32 

PPA 

(9m 8 a)n + (48m + 63a) flog^l + 
(58m + 24a) 

261m + 273a 

2.32 

39 


Comparison of Serial, Parallel, and Parallel/Pipeline Algorithms is shown for quick reference. 
Here SA is Serial Algorithm; FPA is First Parallel Algorithm; SPA is Second Parallel Algorithm; 
FADA is First Architecture-Dependent Algorithm; SADA is Second Architecture Dependent 
Algorithm; and PPA is Parallel/Pipeline Algorithm. 

This work was done by Amir Fijany and mation, Circle 92 on the TSP Request Card. 
Antal K. Bejczy of Caltech for NASA’s Jet NPO-17718 

Propulsion Laboratory For further infor- 


Transfer Functions via Laplace- and Fourier-Borel Transforms 

A new approach could simplify the solution of nonlinear differential equations. 

Ames Research Center, Moffett Field, California 


An approach to the solution of nonlinear 
ordinary differential equations involves 
transfer functions that are based on the 
recently-introduced Laplace-Borel and 
Fourier-Borel transforms. In general, the 
solutions to such equations are represent- 
ed by nonlinear functional expansions that 
are analogous to Fourier-series or Fourier- 
integral expansions of the response func- 
tions of linear systems. These nonlinear 
functional expansions can be summarized 
by the new transforms, so that the respons- 
es of nonlinear dynamical systems can be 
expressed in terms of transfer functions 
that are analogous to those of linear sys- 
tems. 

The Laplace-Borel (LB) and Fourier- 
Borel ( FB ) transforms of the function f(t) are 
given by 

LB{f(t)] = F(x 0 ) = x^Je” 'MW 
o 

and oo 

FB[m = Fm = iPft- lf *fw 
respectively. “°° 

The Laplace-Borel transforms can also 
be summarized as operators that one can 
obtain from the Laplace transforms F(s) as 
follows: 

\ sF l s )\ S = Xq -1 

except that the algebra on the noncom- 
mutative variable x 0 is richer. In addition to 
the Cauchy product, there is the shuffle 
product, which provides the mechanism to 
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The Laplace-Borel Transfer-Function Ap- 
proach can be used to analyze the re- 
sponse of this circuit to the input current l(t) 
(where t = time). The equations that 
describe the behavior of the circuit are 
nonlinear because the resistance R n varies 
with the current i n flowing through it. 

take care of the nonlinear terms. The con- 
nection between the Laplace and Fourier 
transforms is analogous to that between 
the Laplace-Borel and Fourier-Borel 
transforms. One can generalize the La- 
place-Borel transforms to Fourier-Borel 
transforms in the same way that Fourier 
transforms are generalized from Laplace 
transforms. 

The main theorem of the new approach 
gives the transform of the response of a 
nonlinear system as a Cauchy product of 
its transfer function and the transform of 
the input function of the system, together 
with memory effects. First, the transfer 
function, G, of the system is obtained from 


the Laplace-Borel transform of the nonlin- 
ear differential equation of the system. 
Next, the Laplace-Borel transform is taken 
of the input function plus initial conditions 
of the response plus the higher-order 
derivatives of the initial response. Then the 
Laplace-Borel transform of the response of 
the system is the Cauchy product of the 
two foregoing transforms. 

The new approach can be used, for exam- 
ple, to determine the responses of electrical 
circuits that contain variable inductances or 
resistances (see figure). One attractive 
feature of this approach is the possibility of 
doing all of the noncommutative algebra 
on computers in such symbolic program- 
ming languages as Macsyma, Reduce, 
PL1, or Lisp. The process of solution could 
be organized and possibly simplified by 
algebraic manipulations that reduce the 
integrals in the solutions to known or 
tabulated forms. 

This work was done by Sumer Can, 
graduate student at Santa Clara University, 
and Aynur Unal of Ames Research Cen- 
ter Further information may be found in 
NASA TM-100034 [N90-10828], “Transfer 
Functions for Nonlinear Systems via 
Fourier-Borel Transforms ." 

Copies may be purchased [prepayment 
required] from the National Technical In- 
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders maybe placed for an extra fee 
by calling (800) 33&4700. ARC-12295 
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Portable Video/Digital Retinal Funduscope 

An inexpensive instrument can be operated with minimal training, under hospital or field conditions. 
Lyndon B. Johnson Space Center, Houston, Texas 



A lightweight, relatively inexpensive elec- 
tronic and photographic instrument has 
been developed for the detection, monitor- 
ing, and objective quantification of ocular/ 
systemic disease or physiological altera- 
tions of the retina, blood vessels, or other 
structures in the anterior and posterior 
chambers of the eye. The instrument can 
be operated with little training. It can func- 
tion with a human or animal subject seat- 
ed, recumbent, inverted, or in almost any 
other orientation; and in a hospital, lab- 
oratory, field, or other environment. The in- 
strument produces video images that can 
be viewed directly and/or digitized for si- 
multaneous or subsequent analysis. It can 
also be equipped to produce photographs 
and/or fitted with adaptors to produce ster- 
eoscopic or magnified images of the skin, 
nose, ear, throat, or mouth to detect lesions 
or diseases. 

The instrument is an assembly of com- 
mercially available equipment, some of 
which has been modified slightly to make 
it compatible with the other equipment and 
the overall design. One major component 
is a portable fundus camera with lenses, 
filters, and prisms as required for various 
viewing configurations. The image pro- 
duced by the fundus camera is either 
recorded on 35-mm film or sensed by a 
low-light-level charge-coupled-device 
(CCD) video camera (see figure). The other 
major components are an electronic view- 
finder, a video monitor for viewing in real 
time, and a computer that digitizes the 
video image. 

Equipment to stabilize the subject’s 
head is included, but the instrument can 
be operated without such stabilization. The 
operator can adjust the focus on the fun- 
dus camera while viewing through an eye- 
piece, using either the 35-mm-film-camera 
attachment or looking directly at the elec- 



The Portable Fundu- 
scope has a modular de- 
sign. The extension hous- 
ing, video camera, and 
electronic viewfinder can 
be removed and replaced 
with a 35-mm film cam- 
era. The fundus camera 
can be equipped with a 
variety of lenses, prisms, 
and the like. 


tronic viewfinder mounted on the CCD 
camera. When the desired image is ob- 
tained, the camera is secured in place. Ex- 
citation and barrier filters can be inserted 
into the fundus camera for fluorescein 
angiography. The images from the CCD 
camera can be directly digitized by the 
computer for storage or transferred via 
telephone lines, computer networks, or 
satellite to remote locations. 

By providing for the digital analysis of 
images, the instrument helps physicians 
to compare sequential images from a 
given patient to detect subtle disease pro- 
gressions earlier. In addition, the acquisi- 
tion of images as digital information fa- 
cilitates storage, transfer, and manipulation 
to enhance features of interest. It also en- 
ables extensive analyses of images, in- 
cluding quantitative analyses of the diam- 
eters of blood vessels and the detection 
and monitoring of changes in retinas 


caused by hypertension, diabetes, athero- 
sclerosis, vasculitis, uveitis, macular de- 
generation, glaucoma, and infections. The 
instrument can be upgraded easily as ad- 
vanced sources of light, optical equipment, 
CCD cameras, computers, and image- 
analyzing computer programs become 
available. 

This work was done by Gerald R. Taylor 
of Johnson Space Center; Richard 
Meehan of the University of Colorado; and 
Norwood Hunter, Michael Caputo, and C. 
Robert Gibson of Krug International. For 
further information, Circle 37 on the TSP 
Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In- 
quiries concerning nonexclusive or ex- 
clusive license for its commercial develop- 
ment should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
16]. Refer to MSC-21675. 


Ultrasonic Device Monitors Fullness of the Bladder 


A self-contained, portable, battery-powered unit is specifically tailored for each patient. 
Langley Research Center, Hampton, Virginia 


An ultrasonic device that monitors the 
fullness of the bladder is self-contained, 
lightweight, portable, powered by a battery, 
and tailored for the specific patient through 


software that can be modified as the pa- 
tient’s behavior changes. The monitor es- 
sentially quantifies the amount of urine in 
the bladder by measuring the relative dis- 


tension of the bladder and then gives a 
suitable alarm that tells the patient to elimi- 
nate. The device is intended for use in train- 
ing people who are incontinent and can- 
not identify when elimination is necessary. 

Previous bladder sensors fall into two 
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Noise problems? 
Soundmat PBM is the 
greatest thing 
since sliced bread. 



Soundcoat’s exclusive SOUNDMAT PBM is made with a sheet 
of thin flexible limp mass sandwiched between two layers of 
foam to provide absorption, transmission loss and isolation. It 
has excellent resistance to oxidation, UV light and weathering. 
And our flexible plastic barrier meets UL-94V-0. For outdoor 
applications, aircraft, vehicles, business machines and EDR 
generators, compressors and health care equipment. 

SOUNDMAT PBM from Soundcoat. A great way to stop 
noise. No matter how you slice it 

The noise stops here. 

SOIINIICC 

One Bun Drive. Deer Park. NY 11729 516-242 2200 

3002 Croddy Way. Santa Ana, CA 92704 714 979 9202 

Send for your free noise control bulletin no. 719, today 


rmj a 
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Flexible Thermofoil 
Heaters 



FIT 

Aerospace • Medical instrumentation 
Commercial appliances • Processing equipment 


FUNCTION 


Put heat where you need it. Etched-foil heaters offer more power for 
faster warmup, greater uniformity, and unlimited design options. 

• Kapton, silicone rubber, polyester, • Power ratings to 110 W/in 2 , 

and mica insulation for use as uniform or profiled 

high as 1100°F (593°C) • 1 1. NASA approvals 

• Integral sensors; complete assemblies 


7300 Commerce Ln. 
Minneapolis, MN 
55432-3177 USA 


MINCO 

PRODUCTS, 


NC. 


Phn: 612/571-3121 
Telex: 687-9025 
FAX: 612/571-0927 


116 


Circle Reader Action No. 308 



Ultrasonic Echoes are processed to detect characteristic echo wave- 
forms that signify distension of the bladder. 


classes: simple and elaborate. The simple category includes 
the wetness detector, which alarms the patient when urine is 
present. The wetness detector provides an alarm after the fact 
and has not proven to be very effective as a training aid. It can 
also be mistriggered by sweat. The second class of sensors 
includes the clinical ultrasonic scanner. Such an instrument 
requires considerable expertise to operate and is too bulky 
and expensive to serve as a personal training aid. All of 
the previous bladder sensors lack the adaptability to cope with 
the problems of ambulatory and widely variable patients. 

The present monitor is also based on ultrasonics but 
processes the data in a different way to achieve the desired 
results. It includes a digital electronic system that tracks the 
trends of three different parameters, analyzes signatures, 
and computes a weighted sum to produce a numerical value 
that characterizes the relative distension of the bladder. Once 
that value has been derived, it can be compared to an alarm 
value, selected by the user, that signifies fullness and at which 
the device indicates the need to void. The activity of the 
bladder and personal habits of the individual are used to 
customize the software and the ultrasonic sensor to that 
individual. All of the control functions are made adjustable by 
the user or caregiver to enable optimization. 

The monitor includes an ultrasonic transducer that is 
excited by a pulser/receiver under the command of digital logic 
circuitry. An acoustic wave of low power and frequency is 
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launched into the abdominal area of the 
patient. The wave interacts with the wall 
of the bladder, is reflected back to the 
transducer, and is then amplified and 
detected by the receiver. The resulting 
signal is digitized and stored. 

These signals are averaged in groups 
over time, and the trend of the sums is 
taken to be an indication of the distension 
of the bladder. Various alarms are avail- 
able, depending on the preference of the 
user. The electronics package includes cir- 
cuitry that can alert the patient with a va- 
riety of stimuli including tactile output (vi- 
brator), visual output (light-emitting diode 
mounted on eyeglasses), and audible out- 
put (earphone or buzzer). The monitor can 
also transmit a radio-frequency output to 
a remote receiver monitor. 

The operation of the monitor is shown 
in the figure, which is split into three sec- 
tions: bladder nearly empty, bladder filling, 
and bladder full. Each section shows a 
simplified diagram of the bladder at the 
top, the resulting waveform of the acous- 
tical echo in the middle, and the digitally 
processed and weighted waveforms at the 
bottom. As the bladder fills, the returning 
echoes display a characteristic pattern of 
movement and change. The processing 
accentuates the pattern as it relates to the 
filling of the bladder. Once this has been 
done, the energy content of each scan of 
128 readings is summed into a single nu- 


merical value, and this value is used to in- 
dicate the distension of the bladder. 

Because this monitor is not designed 
to form an image of the bladder, it is much 
smaller and far less complicated and ex- 
pensive than commercially available ultra- 
sound scanners are. The entire electronics 
package is worn by the patient with the 
transducer in a flexible, nonobtrusive belt. 
Inasmuch as this monitor includes a mi- 
crocomputer, it is “smart” enough to ex- 
tract only the useful information from the 
ultrasonic echos. Because the monitor has 
built-in features that provide a large num- 
ber of selectable variables, it can be cus- 
tomized to the individual user more easily 
than any previously available bladder mon- 
itor could be. The device turns itself off be- 
tween readings to prolong the life of the 
battery. 

This work was done by Joseph S. 
Heyman and Travis Blalock of Langley 
Research Center John A. Companion of 
PRC Kentron, and Al Cavalier and Beth A. 
Mineo of the Association for Retarded 
Citizens . No further documentation is 
available. 

This invention has been patented by 
NASA (U.S Patent No. 4,852,578). Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 16]. Refer to LAR-13689. 



Credit where credit is due! 
Transferred/applied NASA tech- 
nology to a commercial prod- 
uct? We would like to inform the 
public about it in our annual 
report Spinoff . For more details 
call: 301-859-5300 Ext 242. 
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for vacuum-tight 
connections on glass, metal, or plastic tubing 


■ Variety of configurations 

■ Sizes 1/16" to 1-1/2" 

■ 316 stainless steel 

■ Temperatures to 232°C(450°F) 

Immediately available from your local 
Authorized Sales & Service Representative 


Can be connected/disconnected 
repeatedly without affecting 
seal performance 


Ideal for use with n Dimeter 
tubing (such as glass) where 
O.D. may vary 


Viton O-Ring assures 
helium leak-tight seal 



CAJON Company 
9760 Shepard Rd 
Macedonia. OH 44056 




1969 Swagefcft Co.. al rights reserved PQ-i-061 


A SWAGELOK COMPANY 
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Can be used with 
tubing O.D. as much as 
1/32" undersize 


Nut is knurled for easy, finger-tight assembly 


INLINE FILTERS for removal of system 
contaminants as small as 0.5 micron 

m Maintain system purity 

■ Protect instruments and other components from 
particulate contamination 

Ij Sintered and strainer elements from 0.5 to 440 micron — 
replaceable or cleanable 

I All-metal construction — brass or 316 stainless steel 
I Corrosion-resistant 
I : Compact designs — sizes 1/8" to 1/2" 
r Pressures to 6000 PSI; temperatures to 900°F 

■ Choice of end connections — gageable SWAGELOK® Tube 
Fittings, CAJON® VCR® metal gasket face seal fittings, NPT, weld 
Immediately available from your local Authorized Sales & Service Representative. 


£*NLJI=>F=?0 


A SWAGELOK’ COMPANY 


NUPRO Company 
4800 East 345th St 
Willoughby. OH 44094 


C 1969 Swage** Co . al nghts reserved PO-3467 
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Computer-Driven Keratometer 

A simple optical system would measure 
corneal deformations. 

NASA 's Jet Propulsion Laboratory, 
Pasadena, California 

A proposed instrument would measure deformations of the 
surface of the cornea. The keratometer would assist in the 
rapid diagnosis of eye ailments and preparation of the cornea 
for surgery. Unlike instruments now available, the proposed 
unit would not require critical alignment with the eye ; its results 
would therefore be more reliable, and it would be easier to use. 

Through a lens-and-reticle system, the instrument would 
project a series of rings on the subject's eye and capture the 
reflected rings with a video camera (see figure). It would 
superimpose a computer-stored reference image (of how the 
reflection of the reticle from a correctly shaped version of the 
cornea should look) on the actual image reflected from the 
subject's eye. In the absence of deformation of the cornea, the 
rings of the real and reference images would coincide. If the 
cornea were deformed, some or all of the rings would be 
displaced. The computer would analyze the displacement to 
determine the amount of deformation and would control a 
display of the shape of the cornea. 

The optical portion of the proposed instrument would differ 
from that of standard keratometers by having only one reticle 
instead of two. Therefore, the optical system would be much 
simpler. In addition, the operator would not have to align the 
images manually : the computer would determine the center of 
the reflected ring pattern and would place the center of the 
reference ring pattern on it. Fringes from misalignment — a 
substantial problem with standard keratometers — would be 
avoided ; only those resulting from deformation would appear. 

This work was done by Edmund C. Baroth of Caltech for 
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A shuttered laser would briefly Illuminate the Subject's Eye through a 
reticle, thereby projecting concentric rings of light on the eye. Reflected 
by a beam splitter and mirror into a solid-state video camera, the ring 
pattern would be compared with a reference pattern by a computer. The 
laser would probably be of a helium/cadmium type with blue output. 
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New on the Market 


Elexor Associates Inc., Morris 
Plains, Nj, has introduced the LB- 
386, a portable data acquisition 
system that offers acquisition rates 
up to 100,000 samples per second. 
With full expansion, up to 1 28 ana- 
log and 1 1 2 digital channels can be 
simultaneously scanned. The sys- 
tem's software supports Fourier 
analysis, auto-scaling, and statisti- 
cal analysis, as well as all common 
math functions. 

Circle Reader Action Number 798. 



Galactic Industries Corp., Salem, 
NH, has released version 2.22 of its 
Lab Calc chromatography soft- 
ware, which enables fast quantita- 
tive evaluation of chromatographic 
samples. A new method editor pro- 
vides powerful method commands 
including flexible baseline override 
commands, forced peaks, negative 
peaks, and advanced auto injector 
control without operator interven- 
tion. Advanced baseline correction 
can subtract complex polynomial 
baselines from data, and raw chro- 
matograms can be adjusted for run- 
to-run retention time differences. 
Circle Reader Action Number 776. 



The TDS 500 series of digitizing 
oscilloscopes built by Tektronix 
Inc., Beaverton, OR, incorporates 
an intuitive graphical interface, 
high-speed acquisition system, ad- 
vanced triggering, and multiproces- 
sor power. The scopes offer variable 
record lengths of up to 50,000 
points per channel, 8-bit vertical 
resolution, 4 ns glitch capture, and 
1% accuracy. On-board digital sig- 
nal processing functions include 
waveform pass/fail testing, fast sig- 
nal averaging, and waveform math. 
Circle Reader Action Number 786. 



A 1 6-megabyte version of the 
SPARC CPU-1 E VME single-board 
computer has been introduced by 
Force Computers Inc., Campbell, 
CA, bringing the power and soft- 
ware compatibility of a Sun work- 
station running SunOS to the em- 
bedded systems market. The CPU- 
1 E/1 6 complements the current 
SPARC CPU-1 E 4-MB product. 
Circle Reader Action Number 774. 


The MCB-4 stepping motor control- 
ler/driver board from Advanced 
Control Systems Corp., Hingham, 
MA. can simultaneously control 
four four-phase stepping motors. 
The board, which can serve as an 
independent controller or be con- 
trolled by a host computer via a 
serial port, provides stepping rates 
up to 10,000 steps per second, with 
16.7 million steps per move. 

Circle Reader Action Number 780. 



Aremco Products Inc., Ossining, 
NY, has introduced Ceramabond ,M 
671 , an alumina-ceramic-based ad- 
hesive with temperature endurance 
to 1 760° C. Resistant to vibration, 
corrosion, and oxidation, the single- 
component adhesive is ideal for 
industrial and aerospace thread 
locking applications. 

Circle Reader Action Number 790. 


VMETRO, Houston, TX, has intro- 
duced an SCSI-equipped VMEbus 
tracer that enables engineers to 
create massive real-time audit trails 
of VMEbus traffic on disk. The audit 
trails, consisting of potentially mil- 
lions of bus transactions, are stored 
in a UNIX-compatible file format. 
Applications include recording and 
playing back system test scenarios, 
analysis and monitoring of real-time 
systems and computer security 
mechanisms, and isolation of data- 
driven bugs in large programs. 
Circle Reader Action Number 784. 


MSC/DYTRAN™, a new computer 
program for analysis of high-speed 
fluid-structure interaction, is avail- 
able from the MacNeal-Schwendler 
Corp., Los Angeles, CA. The pro- 
gram is designed for analysis of 
short-lived events involving the in- 
teraction of fluids and structures, 
and problems involving extreme 
deformation of materials. Typical 
applications include analyzing the 
inflation and unfolding of airbags, 
and chemical and nuclear plant 
safety studies. 

Circle Reader Action Number 782. 


A versatile scan converter offered 
by James Grunder & Assoc. Inc., 
Mission, KS, converts graphics or 
text into broadcast-quality NTSC or 
PAL TV standards. Its unique 16- 
step flicker elimination circuitry 
ensures a sharp, flicker-free picture. 
Standard features include a zoom 
function, broadcast color encoder, 
sync generator, RS232 serial port for 
full remote control, and adjustable 
picture height and width for aspect 
ratio correction. 

Circle Reader Action Number 796. 



A new line of pen plotters from 
Houston Instrument, Austin, TX, 
combines expanded memory capa- 
bilities, plot file compression, and 
faster data transmission rates to sig- 
nificantly reduce the time a com- 
puter takes to send a drawing file to 
the plotter and then become avail- 
able again for other work. The 
DMP- 1 60 series plotters support the 
HP-GL/2 plot language and offer 
512 K standard memory with op- 
tional expansions to 1 , 2.5, or 4 MB. 
Circle Reader Action Number 794. 


Electrim Corp., Princeton, NJ, has 
released a solid-state electronic 
imager that enables direct digitiza- 
tion of images at up to 754 x 488 
pixels. The EDC-1000HR mono- 
chrome camera is compatible with 
an IBM PC/XT/AT or equivalent and 
features high blue response, low 
dark current, wide dynamic range, 
antiblooming, pixel geometric fidel- 
ity, and computer-controlled sub- 
array scanning. 

Circle Reader Action Number 788. 



Drystar® CDP dry pumps from 
Edwards High Vacuum Inti., 
Wilmington, MA, provide reliable 
vacuum pumping in clean, particu- 
late producing, and corrosive envi- 
ronments. They feature innovative 
nitrogen-gas-packed shaft seals, in- 
direct cooling systems, and en- 
hanced exhaust management. Ap- 
plications include load lock cham- 
bers, sputtering and evaporation 
systems, film deposition, photoresist 
stripping, and ion implantation. 
Circle Reader Action Number 778. 



Spiral Software, Brookline, MA, has 
announced version 2.1 of EasyPlot, 
an IBM PC-compatible software 
program that enables engineers and 
scientists to view and manipulate 
large sets of numbers graphically. 
The update offers expanded mem- 
ory support to handle more than 
100,000 points and a windowing 
system to manage multiple graphs. 
Other new features include text- 
based and graphical editors, an 
enhanced curve-fitting algorithm, 
dual axes, barcharts, and 3D scatter 
plots that rotate in real time. 

Circle Reader Action Number 792. 



The first chip set designed specifi- 
cally for the new Futurebus+ high- 
performance computer bus stan- 
dard is available from National 
Semiconductor Corp.. Santa Clara, 
CA. Futurebus+ is an open-archi- 
tecture scheme that brings higher 
bandwidths to data communica- 
tions within workstations, high-end 
PCs, mid-range computers, and 
larger systems. The new chip set 
includes a 9-bit data transceiver in 
latched and unlatched versions, a 
handshake transceiver, a 9-bit dis- 
tributed arbitration transceiver, and 
an arbitration controller. 

Circle Reader Action Number 800. 
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New on the Market 


Dolch Computer Systems, Milpitas, 
CA, has introduced a 20 MHz 
386SX portable computer that in- 
cludes a 1 6 MB system DRAM, 64 
KB cache SRAM, and five uncom- 
mitted, full-size ISA slots. The Dolch 
PAC SX-20C features a bright red 
gas plasma display with 16 shades 
of gray scale at 640 x 480 VGA reso- 
lution. Fora full-color, CRT-like dis- 
play, Dolch offers an active matrix 
thin-film transistor LCD flat panel 
that has a palette of 24,389 colors. 
Circle Reader Action Number 754. 



A new pressure-sealed coaxial con- 
nector for printed circuit boards 
saves production time and elimi- 
nates possible causes of connector 
failure. Developed by ITT Cannon/ 
Sealectro, New Britain, CT, the con- 
nector can be immediately trans- 
ferred from wave soldering to the 
cleaning bath without fear of con- 
tamination, because pressure-seal- 
ing prevents cleaning fluid from 
entering the connector cavity. 
Circle Reader Action Number 746. 


■■■■■■■■ill ■■ 



A high-precision timing generator 

developed by Racal-Dana Instru- 
ments Inc., Irvine, CA, provides 5- 
nanosecond timing resolution over 
a 5 kHz to 20 MHz frequency range. 
The model 6459 permits high-speed 
dynamic digital testing and use of a 
digital probe. It generates up to eight 
timing strobes for digital test mod- 
ules on the VXIbus. 

Circle Reader Action Number 756. 


Seiko Instruments USA Inc., Tor- 
rance, CA, has introduced the 
SEA2001 x-ray fluorescence ele- 
ment analyzer, a desktop system for 
determining the elemental compo- 
sition of solids, powders, and liq- 
uids. The SEA2001 automatically 
and nondestructively tests up to 12 
samples without operator interfer- 
ence. It can detect more than 80 
elements, from sodium through ura- 
nium on the periodic table. 

Circle Reader Action Number 770. 



CADAM Inc., Burbank, CA, has re- 
leased a new version of P-CAD 
Master Designer™, a software 
package for printed-circuit board 
design Version 5.0 features ex- 
tended DOS memory to handle 
large designs and to provide room 
for local area network (LAN) de- 
signs. Other enhancements include 
user-configurable menus, real-time 
on-line design rule checking, and 
parts editing. 

Circle Reader Action Number 768. 



With all-welded construction, the 
new TUF Ultra-Rel™ mixers from 
Mini-Circuits, Brooklyn, NY, can 
withstand 250° C for five minutes 
with no performance degradation. 
The units can survive the extreme 
shock and vibration stresses of MIL- 
STD-28837, as well as more than 
200 cycles of thermal shock ranging 
from -55° to + 1 00° C. They are avail- 
able for surface-mounting or plug-in 
applications. 

Circle Reader Action Number 760. 


A new electronic memory (EM) mo- 
tion analyzer from Eastman Kodak 
Co., Rochester, NY, can record up 
to 12,000 split-frame images per 
second. The model 1012 has a 
"semi-smart" reference reticle for 
quantitative analysis. Targeted for 
quality assurance, R&D, and prod- 
uct design applications, it can inte- 
grate analog and switch data with 
images, and will automatically 
download video pictures to a VCR. 
Circle Reader Action Number 766. 



Research Systems Inc., Boulder, 
CO, has released IDL/maps for visu- 
ally analyzing remote sensing data 
on workstations. The program dis- 
plays maps using ten standard map- 
ping projections and overlays im- 
ages in latitude/longitude coordi- 
nate systems using irregular data 
gridding techniques. It can zoom, 
rotate, find inverses, and plot data 
using contours or text. IDL/maps has 
applications in the atmospheric and 
oceanic sciences, space research, 
hydrology, and related fields. 
Circle Reader Action Number 752. 


Digital Instruments, Santa Barbara, 
CA, is offering a scanning probe 
microscope able to accommodate 
samples as large as 8" in diameter. 
The scope images surfaces with 3D 
nanometer resolution, using either 
scanning tunneling or atomic force 
microscopy. X-Y stage positioning 
can be controlled manually or auto- 
matically and is accurate to within 
±10 microns. 

Circle Reader Action Number 764. 


Coreco, St-Laurent, PQ, has intro- 
duced the OCULUS-300, a low- 
cost frame grabber with add-on 
features that turn it into a powerful 
image processing engine. The 
OCULUS-300 is expanded with a 
DILUT processor, a memory expan- 
sion module, an expansion piggy- 
back for true color imaging, and a 
run-length encoding processor. 
Circle Reader Action Number 762. 


The ELCOM® line of high-perfor- 
mance brushless servo motors from 
Pittman, Harleysville, PA, incorpo- 
rates unique stator designs that con- 
tribute no magnetic cogging and 
result in low winding inductances 
and electrical time constants. A new 
six-pole model features a samarium 
cobalt rotor construction for high 
torque-to-inertia ratios and resis- 
tance to demagnetization. 

Circle Reader Action Number 758. 



A new color video printer com- 
bines high resolution with large 
print size, a 16.7 million color pal- 
ette, and fine-tuning capability to 
accommodate various input 
sources. Developed by Mitsubishi 
Electronics America, Somerset, NJ, 
the CP-210U printer employs a 
sublimation dye thermal transfer 
process and high-density paper, 
enabling output of endoscopic, 
color-flow Doppler and computer 
graphics. The printer automatically 
adjusts to any input source and can 
print four independent images on a 
single sheet for time-lapse evalu- 
ation. It also features full-frame RGB 
memory, automatic gain control, 
and wired remote control. 

Circle Reader Action Number 750. 



The new 8240 series color CCD 
cameras from Cohu Inc., San Di- 
ego, CA, are sealed and pressur- 
ized, and can withstand extremes of 
temperature, altitude, humidity, 
corrosion, dust, and shock. De- 
signed for installation outdoors or in 
harsh environments, the cameras 
provide 460 TV lines of horizontal 
resolution and sensitivity of 1 . 1 lux. 
They also feature a 1/2'' interline 
transfer imager with high signal-to- 
noise ratio, color lock, 1 000:1 over- 
load capability, and 20 dB AGC 
with peak/average adjustment. 
Circle Reader Action Number 772. 



A PC program offering magnetic 
field capabilities has been intro- 
duced by Swanson Analysis Sys- 
tems Inc., Houston, PA. Called PC/ 
MAGNETIC, the software is suited 
for analysis and design of electro- 
magnetic equipment such as trans- 
formers, motors, transmission lines, 
actuators, and levitators. It permits 
2D and 3D analyses, and includes 
DC, AC, and transient magnetic 
field capabilities for linear and non- 
linear materials. 

Circle Reader Action Number 748. 
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New on the Market 



Sparcom Corp., Corvallis, OR, has 
introduced the Portable Profes- 
sional FD-1000, a battery-operated 
disk drive for the HP 48 series of 
programmable scientific calcula- 
tors. The drive delivers 1 5 hours of 
remote operation on a single 
charge, reads and writes in PC-DOS 
on 3.5" disks, and supports 720 KB 
and 1 .44 MB capacity disks. It uses 
an embedded Kermit file transfer 
protocol that allows data transfer 
between completely different ma- 
chines, such as between an HP cal- 
culator and a UNIX workstation. 
Circle Reader Action Number 795. 


A fully-programmable, echo-type 
ultrasonic sensor has been devel- 
oped by the Electronic Design and 
Packaging Co., Livonia, Ml. Cali- 
brated using a PC, the SonaSwitch 
2000 allows users to select from ten 
operating frequencies, with vari- 
able transmission pulse count. 
Sample rates, relay set points, and 
0-5 v/4-20 mA outputs are cali- 
brated in software or by using multi- 
turn potentiometers. 

Circle Reader Action Number 793. 



L 


Pictured above is a new current am- 
plifier from Tektronix Inc., Beaver- 
ton, OR, that enables users to make 
direct measurements on current 
waveforms. Designated the 1 1 A 16, 
it provides automatic timing deskew 
and amplitude calibration. Com- 
bined with the Tektronix 1 1000 se- 
ries digital oscilloscopes or DSA 
600 signal analyzers, the 11A16 
offers a versatile current analysis 
and measurement system for such 
applications as testing power sup- 
plies, motion control and servo sys- 
tems, and high-frequency power 
conversion. 

Circle Reader Action Number 791. 


Loctite Luminescent Systems, Leba- 
non, NH, has developed a phosphor 
that triples the useful life of elec- 
troluminescent lamps and provides 
higher levels of sustainable bright- 
ness. Lamps with the Aurora phos- 
phor operate for 20,000 hours to 5 fL 
at 1 15 v, 400 Hz. By comparison, 
industry-standard EL lamps typi- 
cally last about 7000 hours to 5 fL. 
The improved lamps are suited for 
LCD displays used in laptop com- 
puters, word processors, and medi- 
cal instrumentation. 

Circle Reader Action Number 789. 


On-Board® cryopump systems from 
CTI-Cryogenics, Waltham, MA, al- 
low for remote control and monitor- 
ing, thereby reducing process con- 
tamination and increasing opera- 
tional efficiency. They feature fast, 
thorough on-board regeneration as 
well as advanced diagnostics that 
record pump performance over 
time, permitting earjy detection of 
degradation tendencies. Cryo- 
pumping is controlled by a host 
computer, via an RS-232 interface, 
or a pump-mounted or remote key- 
pad/display. 

Circle Reader Action Number 797. 



Verbatim Corp., Charlotte, NC, is 
distributing 3.5" rewritable and O- 
ROM (optical read only memory) 
optical disks that are fully opera- 
tional in the new IBM 3.5" optical 
drive and all other 3.5" ISO standard 
drives. Portable and securable, the 
disks provide fast access to data, 
making them ideal for on-line appli- 
cations such as document manage- 
ment. Further, they are resistant to 
head crashes, moisture, pollution, 
and extreme temperatures. 

Circle Reader Action Number 799. 


A new design automation software 
tool created by EEsof Inc., Westlake 
Village, CA, is the first integrated 
CAE/CAD suite developed specifi- 
cally for design of RF circuits oper- 
ating at 3000 MHz and below. 
Called jOMEGA, it combines a har- 
monic-balance linear/nonlinear cir- 
cuit simulator with an advanced 
graphics package that provides 
schematic entry, multi-window 
simulation control, engineering 
documentation, and RF board de- 
sign layout and floor planning. 
Circle Reader Action Number 787. 




SOMAT MODEL 2100 
FIELD COMPUTER 

for data acquisition and analysis is portable, battery 
powered, and packaged in a modular, rugged aluminum 
“go anywhere" case. The Model 2100 offers online data 
reduction capability of better than 1000 samples per second 
per channel, with storage capacity of at least 4 Mbytes. 

The Model 2100 was designed for people who need 
information, not just data. The system is easily configured 
and operated with TCS software for MS-DOS PCs. Find out 
why engineers are using SoMat systems for their product 
testing and evaluation. Contact SoMat at 702 Killamey Street, 
Urbana, Illinois 61801. Telephone (217) 328-5359 


Circle Reader Action No. 419 


Questions about 
Pressure 
Control? 




T^tlk to the problem solvers for a wide range of 
pressure regulators and valves-for gas and liquid 
control from subatmospheric to 15.000 PSId 

Over 50 standard models + options 

Choices include materials, pressure ranges, port 
types and flow capacities (C v = .01 to 15). 

Pressure reducing, back pressure, dome loaded, 
two-stage and electronically controlled styles do 
the job in high purity, hydraulic high pressure, 
vacuum and vaporizing applications. 


12616 Industrial Blvd. 
Elk River. MN 55330 
TfeL (612) 441-6330 
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New Literature 


Dynacast Inc., Yorktown Heights, 
NY, has released literature on the 
fabrication of zinc, aluminum, and 
magnesium precision die cast com- 
ponents Data sheets explain the 
materials' specifications and their 
applications in electronics, trans- 
portation, and design. 

Circle Reader Action Number 720. 


Modem Manufacturing Processes, 
published by Industrial Press, New 
York City, details 28 advanced 
manufacturing processes and ma- 
terials, including metal injection 
molding, abrasive waterjet cutting, 
hyd roform i ng, computer-i ntegrated 
manufacturing, ultrasonics, electro- 
chemical machining, and hot iso- 
static pressing. The 256-page 
sourcebook compares the costs, ad- 
vantages, and applications of non- 
traditional and standard manufac- 
turing methods. 

Circle Reader Action Number 708. 


Crouse-Hinds Molded Products, 
Syracuse, NY, has published a 24- 
page catalog of its Mini-Line and 
Micro-Mini connectors. The four- 
color catalog describes the advan- 
tages of softwiring over hardwiring 
and cites applications for Crouse- 
Hinds' quick-disconnect products 
in heavy process industries. Fea- 
tured products and accessories in- 
clude Mini-Line with indicating 
lights and high-flex SOOW-A 
cable; liquid-tight plugs; corrosion- 
resistant cord grips; and panel- 
mount receptacles. 

Circle Reader Action Number 716. 



A free brochure highlights applica- 
tions for iron-, nickel-, and cobalt- 
based amorphous alloys developed 
by Metglas Products, Parsippany, 
N|. The patented alloys are strong, 
flexible, corrosion-resistant, and, 
because of their random amorphous 
atomic structure, easy to magnetize 
and anneal. They are suited for use 
in electromagnetic shielding, lamp 
ballasts, motors, pulse power sys- 
tems, recording heads, and 
transducers. 

Circle Reader Action Number 712. 


A 40-page catalog from Sprague, 
Hudson, NH, details thick-film net- 
works in molded and conformally- 
coated SIP, DIP, and surface mount 
packages. These products are de- 
signed for use in computer memory 
and logic systems, computer pe- 
ripherals, telecommunications sys- 
tems, automobiles, test instruments, 
A/D and D/A converters, and any 
electronic circuit or application 
where repetitive resistor, capacitor, 
or resistor-capacitor configurations 
are required. 

Circle Reader Action Number 718. 



High-power laser diodes are show- 
cased in a new brochure from En- 
sign Bickford Aerospace, Simsbury, 
CT. Included are the EBAC-140E 
series, which incorporates thermo- 
electric cooling with closed loop 
temperature control for wavelength 
tunability, and the EBAC-140A se- 
ries of compact diodes for applica- 
tions such as proximity sensing and 
range finding. The full-color bro- 
chure also describes Ensign Bick- 
ford's state-of-the-art manufactur- 
ing facility, optimized for produc- 
tion of semiconductor lasers and 
arrays of one watt and above. 
Circle Reader Action Number 726. 


AT&T, Warren, NJ, has released a 
catalog of licensable software de- 
veloped by the company to solve 
problems, reduce costs, and opti- 
mize business operations. Entitled 
Software Driven Solutions, the 44- 
page catalog describes such pro- 
grams as MetaTool, which expe- 
dites software tool building in the 
UNIX system environment; Graphi- 
cal Expert System Creation Tool, 
which builds circuit-pack diagnos- 
tic expert systems; Record Control 
System II, a multi-user engineering 
document management system that 
can support over one million rec- 
ords; and Operations Assistant Soft- 
ware, an interactive resource man- 
agement tool for optimizing factory 
operation. Many of the software 
packages are available to third- 
party vendors for sublicensing. 
Circle Reader Action Number 728. 



A new PC systems handbook from 
CyberResearch Inc., Branford, CT, 
features a large selection of rack- 
mount PCs and peripherals, rack- 
mount IBM-compatible PCs with 
built-in VGA monitors, remote data 
acquisition equipment, signal an- 
alysis software, and motion control 
products. Tech Notes sprinkled 
throughout the book discuss topics 
such as "The Nyquist Frequency," 
"Cold-junction Compensation," 
"Stepping Motor Theory," and "Al- 
ternative Serial Communications 
Standards." 

Circle Reader Action Number 724. 


Optical Research Associates, 
Pasadena, CA, has produced a bro- 
chure highlighting its CODE V® op- 
tical design and analysis software, 
used to model, analyze, and support 
manufacturing of laser scanners, 
simulators, holographic displays, 
and other optical systems. Features 
include zoom/multi-configuration 
optimization, environmental analy- 
sis, MTF and RMS wavefront-based 
tolerancing, and holographic opti- 
cal element modeling. CODE V 
runs on DEC VAX or Sun SPARCsta- 
tion computers. 

Circle Reader Action Number 722. 


A digital power analyzer handbook 
offered by Valhalla Scientific, San 
Diego, CA, covers power funda- 
mentals, power factor, true RMS 
AC/DC current and voltage meas- 
urements, and more. The 16-page 
handbook features single- and 
three-phase digital wattmeters and 
power factor meters for testing 
switching power supplies, electric 
motors, transformer-incorporated 
products, ballasts, and appliances. 
Circle Reader Action Number 704. 



A 500-page microelectronics cata- 
log from Terra Universal Inc., 
Anaheim, CA. describes manufac- 
turing and testing products for the 
semiconductor industry, and fea- 
tures articles on 30 technical sub- 
jects. including atmosphere and 
static control, extending shelflife, 
and SMIF. 

Circle Reader Action Number 710. 


IBM's new POWER Visualization 
System is explained in a full-color, 
fold-out brochure. The system, 
which incorporates the RISC Sys- 
tem/6000, converts large amounts 
of supercomputer data into high- 
resolution pictures that can be rap- 
idly analyzed, manipulated, and ex- 
plored. It supports up to one giga- 
byte of shared memory and can 
calculate images at a peak rate of 
2.5 billion floating-point operations 
per second. Features include paral- 
lel processing, high-speed commu- 
nication links, parallel array disk 
drives, and high-definition televi- 
sion display support. 

Circle Reader Action Number 714. 



A 65-page catalog from Integrated 
Microwave, San Diego, CA, fea- 
tures IF/RF/microwave filters and 
integrated multifunction modules 
for aerospace, defense, and com- 
munications applications. The pub- 
lication describes the performance 
of various product technologies, 
including miniature lumped ele- 
ment, miniature helical, suspended 
substrate, waveguide, interdigital, 
tunable, cavity, and switched filter 
banks. The company's computer- 
aided engineering services are also 
highlighted. 

Circle Reader Action Number 706. 


A full-color brochure from Schenck 
Pegasus Corp., Troy, Ml, spotlights 
the L-CAT laboratory computer- 
aided test controller, designed for 
command signal generation, test 
monitoring, graphic signal analyz- 
ing, and data acquisition. The PC- 
based, network-compatible system 
has mechanical test applications in 
the aerospace, railroad, and auto- 
motive industries. It can be used for 
reliability testing or to evaluate 
structural fatigue properties. 

Circle Reader Action Number 702. 
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New Literature 


A fold-out brochure from Applied 
Dynamics International, Ann Arbor, 
Ml, introduces the Real-Time Sta- 
tion, a VME-based computer system 
for hardware-in-the-loop dynamic 
simulation. It features a graphical 
user interface, highly-interactive 
run-time control, real-time graph- 
ics, and the ADSIM mathematical 
simulation programming language. 
The system communicates with re- 
mote locations in realtime and sup- 
ports a wide range of high-level pro- 
gramming languages. 

Circle Reader Action Number 740. 


• The Power of Choice. 



A four-color brochure discusses the 
SAS System, an integrated software 
suite for data access, management, 
analysis, and presentation. Devel- 
oped by the SAS Institute Inc., Cary, 
NC, the software provides such ana- 
lytical capabilities as forecasting, 
time series analysis, econometric 
modeling, and various statistical 
operations such as regression analy- 
sis, discriminant analysis, and linear 
modeling. Findings can be pre- 
sented in bar and pie charts; line 
graphs; scatter, contour, and 3D 
plots; and choropleth, surface, 
block, and prism maps. 

Circle Reader Action Number 732. 


The 1991 engineering catalog from 
CADKEY Inc., Windsor, CT, de- 
scribes over 300 manufacturing 
and architectural software pack- 
ages for applications such as nu- 
merical control, finite element 
analysis, mold design, drafting, and 
prototyping. Featured products in- 
clude CADKEY Version 4, a fully 
integrated 2D drafting and 3D de- 
sign system; MOLDFLOW, which 
analyzes the injection molding of 
plastics; ARBOR SCAN, which con- 
verts engineering drawings into 
CADKEY; Advantage Details II, a 
CADD library of over 390 architec- 
tural details; and NWG World 
View, which realistically simulates 
complex environments. 

Circle Reader Action Number 738. 


STSC Inc., Rockville, MD, has pub- 
lished a brochure detailing STAT- 
GRAPHICS, a statistical visualiza- 
tion software package that inte- 
grates graphics with powerful statis- 
tical procedures for data analysis. It 
contains over 250 statistical and 
system procedures, covering such 
areas as variance analysis, experi- 
mental design, quality control, and 
exploratory data analysis, and fea- 
tures more than 50 graph types, in- 
cluding 2D and 3D line and scatter- 
plots, bar and pie charts, 3D histo- 
grams, and time sequence plots. 
The menu-driven system offers im- 
port/export capabilities for ASCII, 
Lotus, DIF, and dBASE. 

Circle Reader Action Number 734. 


A 64-page enclosures catalog from 
Bopla Enclosures, Frederick, MD, 
lists the company's products for 
portable test instrumentation, com- 
puter-related test equipment and 
peripherals, handheld instruments, 
controls, monitor housings, and 
panel meters. Bopla's Polytan ABS 
plastic and polystyrene enclosures 
offer a lightweight alternative to 
metal enclosures. 

Circle Reader Action Number 736. 


lotech's 1992 catalog highlights the 
Cleveland-based company's line of 
data acquisition systems and IEEE 
488.2 bus controllers. The 1 30-page 
publication also covers interfaces 
and support products such as bus 
analyzers, extenders, and serial 
IEEE converters, and provides IEEE 
488.2 and SCPI technical reviews. 
Circle Reader Action Number 730. 



Emcor Products, Rochester, MN, 
has published a four-color bro- 
chure describing its line of modular 
enclosures, including ESQ, 10 Se- 
ries, Emcor 1, and EMI-RFI shielded 
cabinets. The publication also high- 
lights cooling accessories and the 
Compu Desk® line of heavy-duty ter- 
minal workstations and single-unit 
assemblies. 

Circle Reader Action Number 742. 



Voltek Polyolefin Foams. 
Designed to meet the 
toughest specs. 

Voltek foams offer a unique com- 
bination of physical properties 
and characteristics for any design 
_ • ^rc^neCtfV idea. From insulation to lamina- 

Designers ' non. designers meet their unique 

Vnltek Foams ror. product specifications with ver- 

satile Volara*. Volextra*and 
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Apollo Commemorative Poster 


Actual size: 30" x 21" — in full color! 

Relive mankind's greatest 
adventure with this official 
NASA commemorative 
poster. A gorgeous full-color 
rendition of the Apollo moon 
landing printed on high- 
quality poster stock and 
shipped in a protective 
tube. Special introductory 
price only $8.95 each. 
BONUS: Order now and 
receive three prints for 
just $23.95. 



Rush me Apollo commemorative poster(s). I have 

enclosed $ plus $3.00 for postage. (NY residents 

add sales tax.) Total enclosed: $ 
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Company 

Address 
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VIBRATION. HUMIDITY. SALT FOG. DUST. LIQUIDS. ALTITUDE 
RUGGEDIZED TO MILOTDS 8100. 167-1. AND 901C 


QC 


CYBERCHRON Corp. 

PO Bo* 160, US Route 9 Cold Spring, Nm York 10516 
Td 914/265-3700 FAX 914/265-3752 Trie* 255-684 
Trademark* rrgjvUrrd by respective manufacturer* 

Circle Reader Action No. 628 


FIBER INSULATED 





Standard or 
Customized 

A 20 year leader in custom- 
izing high temperature fiber 
insulated heaters. Aerospex 
now offers a useful range of 
standard, and custom heaters 
to meet your needs. You'll get: 

• Low mass efficiency 

• Rapid heat up 

• Standards to 1100°C 

• Custom to 1300°C 

• Furnace Accessories 
Call us today. We d like to 

help you put heat exactly 
where you need it. 

AEROSPEX 


PUTTING HEAT WHERE YOU NEED IT 

AEROSPEX CORPORATION 

EASTERN OFFICE 

we P 0 to 636 

Maoonal City CA 91950 Honda NY 10921 

Nt (819) <74-2211 Ft* (619) 4741223 to (914) 651-1925 Ft* (914) 661-1915 
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SC/FOX ,m Embedded-System Computers 

SC/FOX VMI SBC (Single Board Computer) 18 MIPS. 60 MIPS butvl 
general-purpose, skx l MastetfSI.iv* System Controller UploMIK bylos 0 
ws memory , 1 SCSI, 1 ptr. 2 serial ports Uses 16-bit Harm RTX 2000. 
SC/FOX PCS ( Parallel Coproretnor System) IS MIPS 50 Ml PS burst, general 
purpose PC/AT/186 plug-in hoard. 32K to 1M byle O-ws slain memory, 
multiple PCS operation. SCSI option. Uses Hams RTX 2000 
SC/FOX SBC (Single Board Computer) 1 8 MIPS. 60 MIPS burst. Stand-alone 
operation Furor ardsi/e. 1 ptr. 1 serial port, up to SI 2KbylesO-ws memory. 
2 SO-pin user t onnedors. SCSI option Uses Hams RTX 2000 
SC/FOX PCS32 (Parallel Coprocessor System 32) I S MIPS to 70 MIPS. Ren 
eral purpose PC/AT/386 32-b.l plug in board with 64K to IM byte O ws 
slain memory Uses 32-btl SC 3 2 Forth mu mprutessor 

Ideal lor embetlded real lime control, data acquisition, or high-speed proc • 
cssing. Forth software included. C optional. OFM pricing 

SILICON COMPOSERS INC ( 415 ) 322-8763 

208 California Ave., Palo Alto, CA 94306 

Circle Reader Action No. 679 


NEW COMBAT® BORON NITRIDE LITERATURE 

Combat BN from the Carborundum Co. is available in 
solids, powders, coatings, sprays Mechanical uses: 
hi-temp bearings, electrical insulators. Solids can 
be machined Powders for hi-temp lube. Anti-squeal, 
heat conductive additives for aircraft brake pads. 
Combafboron nitride for temp ranges from below 0° C 
to 3000°C. 



The Carborundum Company 
Boron Nitride Division 
168 Creekside Drive 
Audubon Industnal Park 
Amherst. NY 14150 

Telephone 71 6 691 -2000 Telefax 716 691-2090 
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EXPERTS IN 

FAR-IR INTERFEROMETERS 


FOURIER TRANSFORM POLARIZING 
MICHELSON, MARTIN PUPLETT AND 
FABRY PEROT INTERFEROMETERS 

- Range 17pm to 5mm (2-600cm ’) 

- Fast Scan and Step Scan Versions 

- High Resolution (up to 0.025cm *) 

- Phase, Amplitude or Polarization 
Modulation 

- Detectors (room temp, or cryogenic) 

- Software and Computer Interface 

- Dispersive Accessory Option 

OVER 20 YEARS EXPERIENCE 


• ISPECACh 


SPECAC ANALYTICAL INC 
301 Commerce Drive. Fairfield, CT 06430 
Tel: (203) 366-51 12 F«. (203) 384-1524 
A Cambridge Electronic Industries (CHI) Company 



The Best Just Got Better... 
AND Costs Less 


Circle ReaderAction No. 621 


REALTIME 

DATA ACQUISITION 
PRODUCTS 
for the PC 

Filled with applications information, 
competitive comparisons, 
waveform analysis techniques, 
hardware and software specifications, 
and DEMO DISK! 

We manufacture the industry's fastest data acquisition 
hardware and software designed for applications that 
demand a true real time display with simultaneous disk 
streaming. Call us at... 


1-800-553-9006 


DA TA Q INSTRUMENTS. INC 
825 Sweitzer Avenue 
Akron. Ohio 4431 1 

Tel(2 16)434-4284 Fax(21 6) 434-5551 

Circle Reader Action No. 505 



Model R5000 Strip Chart 

SI 395 2 

Features 

* Variable and Fixed Spans 

* 17 Chart Speeds 

* Integrator Option 
ail m one 


to RECORD ALL your needs 





Model 4500 Strip Chart 
^ SI 095 ' 

Features 
* 34 Chart Speeds 
Touch Control Panel 
I214V1 D gital Interface & 
Remote Control Standard 
on Every Model 


■ Also ngure about our M-y recorders whcti replace discontinued 
Houston Instruments - FISHER SCIENTIFIC - HP Recorders 

WE SUPPORT ANY RECORDER WITH PARTS- SUPPLIES- SERVICE 


THE RECORDER COMPANY 
P.O. Box 8 San Marcos. Texas 78667 
(512)629-1400 FAX (512) 353-5333 


Circle Reader Action No. 519 
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MARKETPLACE 


To Advertise — Call (212) 490-3999 


Create data acquisition applications 
without writing code 



* Integrate high-speed I/O with data analysis, display, man- 
agement. and report generation! 

• Use a mouse to choose icons representing hardware and 
software and connect them in sequence to specify 
data flow' 

ITs easy with the CAMAC Graphical Interface from KSC 
utilizing Digitals new DEC realtime Test Integrator 

To learn more about this icon based graphical environment 
for high-performance data acquisition and analysis contact: 
KineUcSystems Corporation. 1 1 Maryknoll Drive. Lockport. 
IL 60441 or Digital Equipment Corporation. 4 Results Way 
(MR04-3/C11). Marlboro. MA 01752*3070. Attn: RTI 

Circle Reader Action No. 428 



INTRODUCING RACK MOUNT AND RUGGED 
SUN SPARC WORK STATION 

Standard Features Include: 

• Spark Engine 2 CPU with 16MB RAM 

• 207 MB Hard Disk. 150MB Tape Drive 

• 644 MB CDR0M, Removable Hard Disk 

• 1 44 MB Floppy. 2 RS-232 and S Bus Ports 

• SCSI-2 and Ethernet Interface 

• 16-inch Rack Mount Color Monitor 

• Keyboard, Mouse and SunOS 4.1 
Fa further details contact: 

IBI Systems Inc., 6842 NW 20M A ve„ Ft. Lauderdale. 
FL 33309. 305-978-9225. Fa*: 305-978-9226 

Circle Reader Action No. 660 


RESOLUTION 

REVOLUTION! 



Introducing a breakthrough that replaces 
microsteppers, this uniquely designed step motor 
resolves 800 full steps per revolution (.45° per step). 
The motor is optimized for resonance free perfor- 
mance and is particually suited for use on constant 
current (chopper) drives. Size 23 by 2.0" with 1/4" 
shaft, the motor is single or double ended. Nominal 
current for 35 oz.-in is 2 amps per coil. 

MOTION PRODUCTS PO Box 4585 

415-968-6189 Mountain View, CA 94040 

Circle Reader Action No. 409 


PULLING 

Reusable mechanical pin 
puller 

page 97 GSC-13355 

PULSE DURATION 
MODULATION 

Pulse-widthmodulating 
driver for brushless dc 


page 18 


NPO-17142 


R 


RADAR SCATTERING 

Azimuthal anisotropy m 
radar backscatter from 
the ocean 

page 79 NPO-17422 

Radar backscatter from 
the ocean at low 
windspeeds 

page 79 NPO-18036 

RADIATION 

DETECTORS 

Hote-impeded-dopmg 
superlattice IWIR 
detectors 

page 22 NPO-17880 

RADIO ANTENNAS 

End- loaded, cavity- 
backed. crossslot 
antennas 

page 30 NP018100 

RADIO FREQUENCIES 

■&wx*mensional acousto- 
opfical spectrum analyzer 
page 72 NPO-18092 

RADIO SIGNALS 

System acquires and 
displays signal 
propagation data 
page 64 NP0 18190 

REDUCED GRAVITY 

Initiating growth of 
crystals away from con- 
tainer walls 

page 106 MFS-28473 

Variable-speed in- 
strumented centrifuges 
page 101 KSC- 11383 

REMOTE 

MANIPULATOR 

SYSTEM 

Parallel-processing 

algorithms lor dynamics 

of manpuiators 

page 111 NPO-17718 


Multiflow TRACE Supercomputers 
Up to 90% off, starting at $29,500! 

Expandable to 215 MIPS and 120 MFLOPS performance 
Supports up to 5 12 MB memory and 20 GB disk 
Includes Unix 4.3 BSD, FTN A C compilers, VAX compatibility suite, 
NFS. OSF/Motif, X11-R4, and more! 

TRACE Systems are sold and supported nationwide by: 

Bell Atlantic Business Systems 

For great prices, great service, and great support, call 
Mr. Steven Eskenazi. Program Director, at 203-488-5377 

Circle Reader Action No. 479 
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FREE! 

130 

Page 

Catalog 


REMOTE SENSING 

Azimuthal anisotropy m 
radar backscatter from 
the ocean 

page 79 NPO-17422 

Circuit detects faint 
flashes against bright 
background 

page 19 MFS-28466 

RESIN MATRIX 
COMPOSITES 

LaRC-RP4i a tough, 
high-performance com- 


LAR-14338 


page 82 


RESISTORS 

Resistor extends life of 
battery m clocked CMOS 
circuit 

page 29 NP017967 

RESONATORS 

Sapphire rng resonator 
for microwave oscillator 
page 20 NPO18082 

RETINA 

RytaWe videofd^rtai 
retinal funduscope 
page 115 MSC-21675 

ROBOTICS 

Anthropomorphic robot 
hand and leaching glove 
page 99 GSC-13244 

Self -motion manifolds of 
redundant marapulators 
page 101 NPO-17965 


ROBOTS 

Robot grasps rotating 
object 

page 58 NPO-18016 

ROLL 

Digital pitch-and-roll 
monitor 

page 66 LAR- 14247 

ROLLERS 

Pressure roller for tape- 
bft tests 

page 105 GSC-13230 

ROTATING BODIES 

Robot grasps rotating 
object 

page 58 NPO-18016 

Unbalanced rotating 
masses for scanning 
page 100 MFS28425 

ROTATING MIRRORS 

Closed-loop chopping 


page 50 ARC-11177 


SAMPLING 

Collectors or airborne 
and spaceborne particles 
page 74 NPO-18183 


SAPPHIRE 

Sapphire ring resonator 
lor microwave oscillator 
page 20 NPO-18062 

SCANNING 

Unbalanced rotating 
masses tor scanning 
page 100 MFS-28425 

SCATTEROMETERS 

Radar backscatter from 
the ocean at low 
windspeeds 

page 79 N Pa 18036 

SEALS (STOPPERS) 

long-lived, replaceable 
low-pressure seals 
page 98 MFS28S21 

SEMICONDUCTOR 

LASERS 

High-power AJGaAs 
quantum-well lasers on 
S< substrates 

page 26 NPa 17968 

SERVOCONTROL 

Mode switching 

algorithms tor antenna 

servocontroker 

page 56 NP017489 

SIGNAL GENERATORS 

Wavetorm generating 


MFS-28408 


“Optics 
for 

t Industry” 

Free 130 page product catalog from Rolyn, 
world s largest supplier of "Off-the-shelf" optics. 
24-hour delivery of simple or compound lenses, 
fitters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod- 
ucts and coatings in prototype or production 
quantities. ROLYN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707, 
FAX (818)915-1379 

Circle Reader Action No. 551 


page 87 


SILICATES 

Copper -exchanged zeolite 

L traps oxygen 

page 86 NPai776l 

SOLID STATE LASERS 

Self heterodyne laser 
spectrum analyzer 
page 66 GSC-13397 

SPECTRUM ANALYSIS 

Sett -heterodyne laser 
spectrum analyzer 
page 66 GSC-13397 

ThreeOmen sc nal acousto- 
optcal spectrum analyzer 
page 62 NPai8i22 

\vcKkmensjonal acousto 
optical spectrum analyzer 
page 72 NPC18092 

SPOILERS 

Flutter spoilers 

page 93 LAR 14117 

STRAIN GAGES 

Improved torce-and- 
torque sensor assembly 
page 95 NPC 17370 


STRESS ANALYSIS 

Deflection and stress m 
pretoaded square 
membrane 

page 96 GSC-13367 

SURFACE FINISHING 

Pressure roller tor tape 
lift tests 

page 105 GSC-13230 

SYNTHETIC FIBERS 

Superttoer tor strong, 
light fabrics 

page 80 MSC21659 


TANKS (CONTAINERS) 

Dual-diaphragm tank with 
leakage-indtoatmg dram 
page 91 MSC21703 

TELEMETRY 

System decommutes and 
(fcsptays telemetry data 
page 89 GSC-13324 
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TELEOPERATORS 

Anthropomorphic robot 
hand and teaching glove 
page 99 GSC-13244 

TEMPERING 

Gradient tempering of 

bearing races 

page 107 MFS-28496 

TEST EQUIPMENT 

Push tester for laminated 
films 

page 92 NPO-18063 

TEST FACILITIES 

Facility measures 

magnetic fields 

page 65 NPO-18187 

TEST PATTERN 
GENERATORS 

Waveform-generating 

program 

page 87 MFS-28408 

THERMOELECTRIC 
POWER GENERATION 

Heat-transfer coupling for 
heat pipes 

page 92 NPO-17863 

THERMOPLASTIC 

RESINS 

New polyimide has many 
uses 

page 85 IAR-14163 

THIN FILMS 

Push tester for laminated 
films 

page 92 NPO-18063 

TOOLS 

Staking pliers 

page 104 MSC-21725 

TORQUEMETERS 

Improved force-and- 
torque sensor assembly 
page 95 NPO-17370 

TRANSFER 

FUNCTIONS 

Transfer functions via 
Laplace- and Fourier- 
Borel transforms 
page 112 ARC-12295 

TRANSISTORS 

Alternative Al x Ga-| _ x As/ 
GaAs transistors for 
neural networks 
page 26 NPO-18177 

High-gain Al x Ga-j_ x As/ 
GaAs transistors for 
neural networks 
page 24 NPO-18101 

TRUSSES 

Quick-connect/disconnect 
joint for truss structures 
page 102 MSC-21539 


U 

ULTRASONICS 

Ultrasonic device 
monitors fullness of the 

hlsTVipr 

page 115 LAR- 13689 

Ultrasonic device would 
open pipe bombs 
page 108 NPO-17951 

ULTRAVIOLET 

DETECTORS 

GaAsP photodiodes as x- 

ray detectors 

page 22 N Pa 17849 


V 

V/STOL AIRCRAFT 

Research on controls 
and displays for V/STOL 
airplanes 

page 68 ARC-12215 

VACUUM 

Long-lived, replaceable 
low-pressure seals 
page 98 MFS-28521 

VANES 

Composite-material 
airflow vane 

page 108 LAR-14192) 

VERY LARGE SCALE 
INTEGRATION 

Modular VLSI Reed- 
Sofomon decoder 
page 49 NP017897 

VIBRATION DAMPING 

Adaptive control of large 
vibrating, rotating 
structures 

page 90 NP017471 


W 

WAVEFORMS 

Waveform-generating 

program 

page 87 MFS-28408 

WIND MEASUREMENT 

Azimuthal anisotropy in 
radar backscatter from 
the ocean 

page 79 NPO- 17422 

WIND TUNNEL 
MODELS 

Digital pitch-and-roll 
monitor 

page 66 LAR-14247 

WIND VELOCITY 
MEASUREMENT 

Radar backscatter from 
the ocean at low 
windspeeds 

page 79 NPO- 18036 


X 

X RAYS 

Ultra-high-spectral- 
resolution x-ray/EUV 
monochromator 
page 70 MFS-28500 

X RAY IMAGERY 

Microscope would image 

x and 7 rays 

page 71 MFS-28484 

X RAY 

SPECTROSCOPY 

GaAsP photodiodes as x- 

ray detectors 

page 22 NPai7849 

X RAY TELESCOPES 

Telescope would image x 
and 7 rays 

page 70 MFS-28482 

z 

ZEOLITES 

Copper-exchanged zeolite 

L traps oxygen 

page 86 N Pa 17761 
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When it comes to attracting the 
computer industry’s best exhibitors 
and educators, showcasing the newest 
products and services and addressing 
issues relevant to computer networking 
and connectivity, there’s only one trade 
show that consistently outperforms 
all others. NETWORLI). 

Designed as a global marketing 
and sales event, the 91 Dallas show will 
be NET WORLD’S best performance 
yet. Over 450 vendors will line the show 
floor each able to answer your toughest 
questions, offer solutions 
and deliver all the latest 
technologies. And you can choose 
from a variety of topics featured in 
NETWORLD’S Conference Program — 



more than 70 Seminars and 12 full-day 
Tutorials all guaranteed to leave 
you charged with the latest industry 
information. 

So plan to attend. And take 
advantage of this powerful opportunity 
to put your company in complete 
control of today’s rapidly expanding 
computer market. 

Call 800-444-3976 or 
201-569-8542 for more information. 
Experience for yourself why 
NETWORLI) is outperforming all 
others. 



NETWORLD 91 DALLAS 

October 15-17, 1991 Dallas Convention Center 



WHEN F*Ku 


STRAIGHT 
TALK ABOUT 
NONLINEAR 
FEA 

How can you spot a nonlinear problem? 

You can find out by reading our authori- 
tative White Paper, Nonlinear Finite 
Element Analysis. 

In it, you’ll find a practical discussion 
of nonlinear FEA, some examples 
(including automated contact analyses 
of metal forming and elastomer 
problems — without the use of gap 
elements), basic concepts, modeling 
hints, as well as pitfalls to avoid. 

For your free copy of the White Paper, 
Call 1-800-548-4665 



Analysts Research Corporation 

eCopyrighl 1991 MARC Analysis Research Corp. 
260 Sheridan Avenue. Palo Alto, CA 94306 


STENTS 


O ver the past three decades, NASA has 
granted more than 1 000 patent licenses 
in virtually every area of technology. Sales of 
licensed inventions exceed $10 million, and 
royalties paid to NASA approach $1 million. 
The Space Agency has a portfolio of 3000 
domestic and foreign patents and pending 
applications available now for license by busi- 
nesses and individuals, including these re- 
cently patented inventions: 

Enhanced Single-Layer, Multi-Color 
Luminescent Display with Coactivators 
(US Patent No. 4,987,339) 

Inventor James Robertson 
Mr. Robertson has developed a multi-color 
flat-panel electroluminescent display offering 
improved flexibility and reliability. Its single- 
layer design reduces display weight, power 
consumption, and degradation characteris- 
tics. Colors, especially blue, are selectively 
enhanced by adding a coactivator to a colored 
activator without increasing the applied elec- 
tric field. 

Circle Reader Action Number 741. 

Differential Current Source 

(US Patent No. 5,021,729) 

Inventor: John F. Sutton 
A voltage-controlled current source employ- 
ing operational amplifiers as active elements 
provides a symmetrical, differential, high-im- 
pedance drive to a load, with the drive isolated 
from any circuit common or system ground. 
The “floating" differential drive and identical 
source impedances of the two outputs elimi- 
nate errors from common mode voltages. 
Circle Reader Action Number 753. 

Airborne Rescue System 

(US Patent No. 5,020, 742) 

Inventor: Leonard A. Haslim 
Mr. Haslim has designed a lightweight tele- 
scoping rescue boom for helicopters. It en- 
ables the helicopter pilot to accurately posi- 
tion the rescue line while maintaining visual 
contact with the rescuee. For rescues at sea, 
the boom reduces exposure of the rescuee to 
downwash created by the main rotor. The 
invention’s extension and retraction mecha- 
nism has many potential spinoff applications, 
including in-situ erection of telescopic space 
structures. 

Circle Reader Action Number 749. 

Etching Method for Photoresists 

or Polymers 

(US Patent No. 5,007,983) 

Inventors: Narcinda Lerner and 
Theodore Wydeven 

Pattern development and substrate cleaning 
using organic photoresists are required at 
several steps in the fabrication of semicon- 
ductor devices. Consequently, the rapid re- 
moval of organic matter is necessary for 
efficient semiconductor manufacturing. The 
inventors have developed a new method that 


uses a sacrificial polymer to increase the rate 
of photoresist removal, cleaning, and polymer 
etching in downstream plasma reactors. In 
tests using polyethylene as a sacrificial poly- 
mer while stripping a commercial photoresist, 
the removal rate was 35 times greater than 
without the polymer. 

Circle Reader Action Number 745. 

Variable Magnification, Variable 
Dispersion Glancing Incidence Imag- 
ing X-Ray Spectroscopic Telescope 
(US Patent No. 5,016,265) 

Inventor: Richard Hoover 
Mr. Hoover has created an x-ray spectro- 
scopic telescope capable of high-spatial-reso- 
lution imaging of solar and stellar x-ray sources 
at precise spectral lines. Designed for use on 
the space shuttle or an orbiting space station, 
the telescope features a series of diffraction 
grating mirrors, reflecting different wave- 
lengths, mounted on at least two rotatable 
carriers to obtain multiple magnifications and 
fields of view. 

Circle Reader Action Number 747. 

Rotationally-Actuated Prosthetic 

Helping Hand 

(US Patent No. 5,021,065) 

Inventors: William Norton. Jewell Belcher. 
James Carden, and 
Thomas West 

A new prosthetic hand for below-the-elbow 
amputees is easy to operate, comfortable, 
and durable. It consists of a cuff, a stem, a 
housing, two hook-like fingers, an elastic band 
for holding the fingers together, and a brace. 
The fingers are pivotally-mounted on a hous- 
ing that is secured to the amputee’s upper arm 
with the brace. The stem is rotationally- 
mounted within the housing and secured to 
the cuff, which fits over the amputee’s stump. 
By rotating the stem between the fingers with 
the lower arm, the amputee can open and 
close the fingers. 

Circle Reader Action Number 751. 

High-Pressure Promoted 
Combustion Chamber 
(US Patent No. 4,990,312) 

Inventors: Michelle Rucker and 
Joel Stoltzfus 

A novel combustion chamber enables re- 
searchers to observe the burning behavior of 
polymers and metals at pressures up to 1 0,000 
psi in various oxidizing environments. Sev- 
eral pressure-tight viewing ports, capable of 
withstanding the simulated environmental 
conditions, allow real-time analysis of the test 
sample. An ASTM Standard Test Method is 
being developed that uses this chamber. 
Circle Reader Action Number 743. 

For more information about the inventions 
described above, including licensing proce- 
dures, circle the corresponding number on 
the Reader Action Request Form (page 1 1 3). □ 
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HTBasic from TransEra will turn your PC into a scientific 
workstation at a fraction of the cost. A real alterna- 
tive to a high-priced dedicated workstation, a PC 
with HTBasic gives you the capabilities you 
need for complex scientific /engineering 
applications, while retaining compat- 
ibility to run and share data with 
standard PC software. 


The savings don’t end with the 
workstation itself. With an HTBasic 
system, you can use industry-standard 
printers, graphic output devices, and networking 
systems. You get the flexibility you need to lay out 
the system you want without being tied to limited 
offerings from one supplier. 



Features such as data acquisition and IEEE- 488/ RS-232 
instrument control syntax, COMPLEX arithmetic, 
matrix mathematics, complete HP-style graphics, 
a comprehensive on-line help facility, and many 
more, add up to increased productivity for all 
levels of users. 

The right choice for your next 
engineering workstation is a PC 
with HTBasic. Call or write us 
today for more information. 


HTBasic is a state-of-the-art language which gives you 
a number of advanced scientific /engineering features 
not found in other BASIC packages. 


Engineering Excellence for 15 Years™ 

3707 N. Canyon Road Provo, UT 84604 
(801)224-6550 Fax (801) 224-0355 
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To open the window of opportunity in solving 
DSP and Image problems, open our window first 
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Comprehensive Advanced Signal Processing Environment for Engineers and Scientists. 



International Representatives 



For more information, including 
catalog, contact: 

Hyperception, Inc. 

9550 Skillman LB 125 
Dallas, TX 75243 


Phone: 214-343-8525 
FAX: 214-343-2457 
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